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Praface and

Informetion

Acute Toxicicy

Vitamic D is mot & specific substsncs, but a biological
sctivity shewa by a rangs of satursl and synthetic
coxpounde, in most cases after satabolism by the body.
The bloassaysd activity s itself sn and result of
several differsct hiologlcal actions, now recognised as
hormonal scticas,

Bacavss knowledge of the weny vitawins D has advanced
rapidly during the past few yeara, this monograph con-
taine & brigf chronology of salisnt advances to provide
» context fer the reports sbetyactad in the monograph.

A glossary following tha preface contsins eome abbrevia-
tions used frequently in the monograph. Thase sbhrevia-
tions ars also used in the sumSary.

With vitamin D substances, lethal toxicity is pot alwaye
iwmadiate. Tharsfors the data are also reported aa found
in short-tarm toxicity studiss.

Sahsehli of al. (4990) datermfnsd tha LDsg of 1.p. D2
sulfaca in wics (20g) to be 2,300,000 IU/kg M.

Harria st al. (2438) found that rats fed 30,000 UEP
unita dally of aitber irradiatsd ergostarocl or tuma liver
oil disd aftar 17-11 days of feeding.

The equiwalant toxic dosss (20-day madian survival tima)
for rats (300-600 g) given Dy, D3 or dihydrotachystercl
by stomach tuba wers found by McChesney (3821) to be
3,60, 2.30 and 1.00 mg/kg/day raspactively

Rsbbita died five to seven days after s.c. injection of
Dy, by Matsudo snd Kato (3770), of 4,000,000 I0/kg; 100,000
I/kg or 10,000 IU/kg daily for thres consacutive days.

All adult femals rakbicts given i.m, injections of 2.3,
3.5 or 4.5 xtllion unite (tots) smount) of activated
argostarol in cottonssad oil by Friedman and Robarta
(1947) died within &5 daye of thair firet injection,

Taylor and Weld {5713) fed a young dog (4 kg, 3-4 mos.)
3 ml irzadiated srgosterol in three days. The dog died lesa
than 48 hours sfterwards,
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Steck et al, (5512) found that more than 20,000
unite/kgiday of activatad argostarcl or celcifercl iu
corn oil given per o8 to adult dogs was fatal to 35 out
of 43 animalse,

Debrd (134é) reported the deaths of two infants, one
(20 mon, old) sdatnisteared 11,300,000 units Dz and the
other (16 wmos. old) administered 18,200,000 units,

Heckin ot al., (0161, 2550) reported the desth of a
54-yaar-old wowsn who received 100,000,000 IG D psr os
and 1i.m. over thres and ope—balf monthe.

Harrie st al,(2438) compared the pathological affacts of
fesding rats largs daily amounte of aichar irradiated
ergostercl or tuma livwer oil, Daily faedings of 50,000
mits of sithar D source produced caleification in the
kidney, stomach, sorts, hesrt and lung. As maasured by
tigsue patbology, the irzadiatsd ergostercl was mors
toxic than the tuna livar oil,

McChesnay (3821) foumd that in rats the toxicity of
D2 and Dy appatently was corralated with ths hyper—
calcexdc sffect, while the toxieity of dihydrotachystarol
was greater than ite hyparcalcemic effact.

Constantinides (1126) fed rats a l:l.pn:l.n—pruducting
diet followed by viosterol administration and reported
the production of trus intimal foam cell lasicos in
their arteries, particularly che coronaries, Fraser st al.
(1896} produced predominantly calcium hydrogen phosphate
kidney stonss in rate by weekly fseding of 10,000 IU of
iy for 45 daywe, '

Colaman (1083) produced ssrtic lasiome in rabbits
by giving them, Dz 40-420 IU/g MW, or D3 100-770 TU/g
EW, p.c. The searum Ca lavels of tha axperimental animals
tanained bigh long aftar withdrawsl of D,

Taylor and Weid (5713) gave young pups Lrradiated
ergostercl p.o. at ten times the thermpsutic dosage.

A large nusber died of intussusception, which the authors
concludad was doa to a D-indueced disturbance of the
peristalticr machanisms of tha bowsl,
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Handricks at al, (2547 adwinisterad cral D to young
doge fed dista with Ca lavals similar to that rscommsnded
for infants. Some toxic eywptoms were sasn in all dogs
receiviog I at 10,000 IU/kg/day. 4 prasature animel had
the most severe symptoms, 411 of the overdosed dogs had
elavared serm calcium levels, The authors commented that
the toxic affect of a wingla massive dose of D was moTe
severe than that of rTepsated, moderately exceasive doses;
that premature infants might be unusually asnatitive to
hypervitamincsis D; and that a diet high in Ca might ag-
gravate any such texicity.

Fell et &l {1768 produced diffuse lessiona in the aorta
of a one-year-old shesp after a single i.m. injection of
1,000,000 units Dy, Localiged arterfosclarctic leaions
were found 4in the heart and lunga. Packett and Coburn
(441% found that a diet supplemented with Dy at 200 m/{lb
of feed anhanced urolithiasis in yearling sheep.

Kent et al. (3104) reported the effect on & monkey colony
of a diet supplying 162,000 USP units D per anima] daily,
plus Ca and P. leaions {calcium and iron deposits} were
found mostly in the kidneys but alse in the lungs, hsart
and ealivary glands. 4 month after withdrawal of the
high D diet, the surviving anizmals appearad to bs healthy.

Cogan et al, (1074) reported five cases of D poiscning
in adult humans in which the dosage ranged Erem 100,000
to 500,000 units daily for two—and-a-half months to five
yaars, There was evidence of renal insufficlency in all
cages; all ware hypercelcemlc snd had band keratopathy.

D&br{ {1344) reportad 21 cases of D toxleity in childrea,
two of them fatal. He concluded that renal and carebral
impairment wars the two wain dangsrs of D toxieiry in
children. '

A wide wariation In the susceptibility of patients to
the various D drugs administersd was potad by Howard snd
Meyer (2793), Petigue, waight loss, anorexis and vomit-
ing were the chief sysptoms. Impairwent of renal function,
and dagenerative lesions with celcificatiom, such as band
keratitis, wars the wailn findings.
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Hyde and Richmond (2832) found irreversible kidnay
damage in a 12-year old boy givem daily oral dosem of
100,000 to 150,000 USP wmits of D for about 5.5 yesrs,
to treat rheymstold arthritie.

Chaplin et al. (0972) reviewed 111 cases of D toxicity
in the literature, In seven of thair own patients taking
50,000 to 300,000 IV daily for periods from three weske
to aix years, thay consistently found band keratitia and
petastatic calcium cysts.

Vitamin D intoxfication has basn raportad as & cause
of mental sywptoms in adulte by Lehrer snd Levitt (3453).
Their patisnts improved mantally after D medication wma
stoppad,

Scharfman and Propp (5061) coucluded that anemia wae
slmost always present with D axcess after cbssrving four
patients who had taken 50,000 to 150,000 wnita deily for
pome yoars and who had treatmant-resistant normocytic,
normochromie anemia, All showsd symptoms of D toxicity
with some renal ispairmanc,

Paunier et zl. (4473) obsarved 14 patisnts with rickets
treated with D dosagas of 25,000 to 250,000 1U/day for
long periods. ¥Nine patients suffared singls aplsocdes of D
toxicity, Tha suthors concludad that long-tarm D ctharapy
could be relatively safe 1f the increase of the sarum
calefum leavel was determined frequently and accurataly.
Wigrin et al, (4269}, however, found that despite constant
surveiliance, calcification rasulting in irreversible
renal changes occurred in 10 out of 11 casas of rickats
treated with large D dosea,

A syndrome first dascribad in 1952, "idiopathic
hypercalcemia of infancy with failure to thrive"” has
been associated with prolonged high intakes of D (D&56).
Findings included intelligence and hearing defects,’
high serum Ca, ispaired kidney funetion and daminersl-
izacion of the long bones.
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Colaman (1083) repertad finding alactrecardiographic
changss in patients with infantile hypercalcesmia which
he intarpreted ms showing laft veatricular myocardial
damags. He suggested that congenital endocardisl fibro-
elastogin, snd the myocardisl lesion of fibrocystic
disanse of tha pancreas, could both ba ralated to D.

Tausalg (5703) and Beuren at al, (0526) reported a
cardisc syndrowe associated with D hypercalcemia, ident-
1f1ed as suprevalvular sortic stemosis {SAS). A Commiesion
of tha German Pediatric Soclaty (5153) concluded that
there was a copnectlon betwean SAS and the savere form
of idiopathic hyparcelcemia, and suggested the possibility
of individual sensitivicy to D.

Bobarteon et al. {4854) studisd the effect of a moderate
pverdosage of D on the growth rate and longevity of male
white mice, They found no difference in body waights at
dsath batwean the sxperimsntal and control groupe, but
the l}ife spans of the experimental group were alightly
gshorter than those of the contral group.

Bills and Wirick (0566) fed activated argostarcl to rats
from infancy to old age in dosesa ranging from 100 times
to 40,000 times greater than the minimus "sutiricketic"
dose (mrd). At the lowest doss no saffect was obeervad,
but atarting with 4,000 times the mrd, injurious effects
became avidant,

Gilloan (2101) pointed out that humen arteries wers
oost suscaptible to vetabolic injuries during the first
two years of life and that such injurias weras precursors
of adult atheroaclarosis,

Gillman sand Gilbsrt (2059) gave rats orsl doses of
25,000 IU recrystallized purified Dy and found damags,
with or without calcification, in the aortas, coromaries,
and myocardium and in the sortic, pulmonary, mitral and
tricuspid valves,



Ornoy st al. (4389) gave 4,000, 20,000, or 40,000 IV D,
i.g. by intubation to praghant rats and foumd an altera-
tion in the mimaral composition of fetsl hone at the largest
dose, The suthors comsentad that Dy might pasa through
tha placeotal barrier. This was corroborated by Eaddad
et al. (2337) who injectsd preguant rats with (83)-Dj3 or
(43)25-0H-D4,Thay found thet by 48 hours almost 20% of the
iujected label was In the fatusas,

A nusbsr of cancar atudies wera reported:

Jones st al. (2976) could not correlate the serum Ca
lavals (irn a 5 to 16 ng/l00 ml Tange) with incidence of
tusor in rats given 60 mg Dy s,c, followsd by 1.v, injection
of Walker sarcoma calls,

Schmid (5108) reparted producing tumors in the gall
bladders of guines piga with bath irradisted ergoatercl
and AT1g, & factor isclated from ilrradisted ergosterol. The
sxpariments were considered by the suthor to be toc pre-
liwinaxy for evaluation.

Touraine and Zureick (5820) reviewed French reports
claiming that D ssas carcincgenic to humans on the basis of
solecular structure and clinical cbservationa; they
concluded that the evidence did nor justify the claima
but warrantad further scudy,

Teratogenle studiss vere carried gut by Friedman and
Milie (1950), using rabbita. They axplored the relation~
ship betwesn exposurs to sxcessive amounts of D during
pregnancy, and the devalopment of the craniofacial complex
and abnormalities of dentition foyund in childran wich SAS.
Pragnant animals ware given i.n, Dy doses totsling 730,000
wnits each, From dental, skull, and cthar abnormmlities
abaerved in the axparimantal group offepring, the authore
concluded that the cranial, facial, and dental aigns of
SAS, ag well as the aortic leslots, might be due to a
deTangement of D nstabolism during pregonancy.
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Priedman (1949), reviewing the literature on SAS,
commented that the wide variations of D-gensitivity, among
both spacies and individusls, were still unexplained. He
suggasted that S5AS wigbt becoma preventable if pregnancies
sensitive to taratogenic effects of D and related sterola
could ba recognized in tims, and he recommemded research
into the apldemiclogy, genatics, metaboliem, and pathology
of 8A8.

Eeres (3105) raportsd observations of hypervitaminosis D
st 2 children'a hospital in Russim. He concluded that
even small overdoses of D could generate symptoms, and
that children varfed widely in ssneitivity to D, He noted
that more Ca was absorbed from cow's wilk when D was
adminietared,

Frasexr et al, (1894) reviewad the two formm of infantile
hypercaleemia, and noted that cardigvascular involvement
and meutsl retardation were signs of the severe form.

They pointed cut that a return of serum Ca levels to normal
could impede gecurate diagnosis of advancad cases. Their
suggested treatment included reduction of daily Ca intake,
elimination of D from the diet, snd avoidance of sunlight.

Chinone {1024) found that a small amcunt of D atimulated
follicular and uterine growth, and accelerated sexual
function, A large continucus overdoee had the reverse
effact resulting in genital atrophy and ceasation of
paxual fupction, This was supported by Freedman {1920),
vhoe found vaginal changes in women administered totals
of 2,250,000 to 2,550,000 unite of D over 15-17 days.

Stability data are given in the Chemical Information
aection, The Telative heat—-stability of D in olla iad
to its original discovery as a factor separete from
vitamin A; ses historical aection of the preface.

vii



b levels in human sstum did not indicate how smuch was
abaorhed, for they did not rise in proporticn with massive
D intekes. Whan puch intakes wers halted, serum D lavels
fall rapldly at first, but after four sonthe the half-
1ifs of residual sxcesses in the body wea found to e
16-17 months, indicating prolonged storage (3607).

A Tecent hunan etudy (5384) using low dosas of labaled
D3 indicated that the half-life of D3 In sarum was 12 hours,
and it was raplacad by 25-0H-D3 with a serum half-life
of 19.6 days, sccounting for 92% of the lahel.

Whan labeled D3 and 25-0B-Dj were given to preguant rats,
both compounds wayxs found to be rsadily tranaferred to
the fatuses, but the capacity of the fstusss ta matabolize
these compounda wes not messured (2337).

Bscently Omdahland DaLuca (4376) doubted whethey pither
the liver or the fat depots wers primery storsge altes,
pointing to major concentrations in skeleton and muscle;
they concluded that D was sccusulated by lipid-rich
rissuss and call cowponents throughout the body.

Vitamdn Dy (4376) given p.o. or by injection is metabol-
1zed in the livar to 25-0H-Dj, which is converted by
¥idney mitochondria to 104,25-(0H) 5-Dy, the final active
hormone, or to other matabolires Including 24, 25- and
25,26 (OH) 5~Dy witich are thought to be still-active
dagradation~producta. The liver step is regulated by
feadback, The kidnsy produces mainly lae, 25~ (OH) -0y
when Ca intake 1s low, and matnly 24,25-{(0H)3-D3j vhen Ca
intake 1a high, but this step is aiso contrclled by FTH
output and F intake,

The liver step can be bypassed by giving 25-0B-D3. The
kidney atep can be bypassed by giving the synthetic analog

1« ~0H-D4, Both ateps can ba bypeasssd by giving

1w, 25-(CH)9=D3 snd parhaps also by synthetic analogs
such as 25-0B-dihydrotachysterols.

D; 1s matabolized similarly &376).

viil



Bila im the msjor route but is alsc concarned in
abaorption. Tp to 30% of test doses of D3 appesred in
bile in 24-48 hours, and about 2T in vrine, all aa
matabolites that wers not fully identifised. Dy 18
theorized to be degraded and excreted more rapidly
than Iq by chicke (4379,

Endogenous or exogenous Dj, or exmgepous D, normally
keep the plasss Cz high snough for normal bone caleif-
leation (4376) by:

(1) Absorption of Ca (perhaps alec P) from the gut,
{2} Mobilization of Ca from bone into plasma,

(3) Eeabsorption of 7a and P by kidney tubules, and
{4) Ba-deposition of Ca inta bene.

D3 itself is inactive, aod ite principal matabolites

act as follows for Ca:

(1) 25-0H-D3y: absorption, nil; mobilization, peasibly.

{2) l«,25-{0H)2-Dy: shsorption, dirsctly,

(3) 24,25-{0H)7=Dj3: abworption, slightly; mobilizatiom,
active.

(4) 25,26~(0H)7-D4: absorption, active; mobilization
and caleification, alwost nil.

These metebolites may alsc influence P absorption by
the gut snd P and Ca reabeorption by the kidneye, PTE
is the tropic hormone for the hormone 1, 23-(0H),-D3j, fox
PTH controls its rate of production, and PTH output is
stimmlated by low blood Ca and suppressed by high blood
Ca {4379. In sooe conditions low Py concentration may
raplace PTH releass (5684).

In vitro (4376) 18,25-(DH}z-Dy is 200-1000 times more
active, and more rapidly active, than 25-CH-D3 for Ca
traneport acyoss namhranss, snd is 100 times more active
(and wore rapidly active) for Ca mobilization from bhone.
In vivo the hormone was more active at physlologic doses,



the 25-0B-Dy at high doses, but when given p.o. for

DSP bioassay this comparisen did mot bheld, and the authors
comcluded aftar other studies that the hormene turned
aver guickly smd should be injected (4376).

Specific uses in D-resistant discrders of Ca metabolism
were being studied for the following compounds (4376}):
25-0H-Dy, 1™, 25-(0H)3-D, 5,6-trans-Dj and its 25-OH
derivative, dihydrotachystaroly and ite 25-0H derivative,
and )18 -0H-Dj.

Such disordars of Ca metsbolism Included "vitamin D-
dependent” rickets in infents with adequate D intakes but
with low serum Ca =and P, high serum APase, and excessive
urinmxy amino acide. Thie type of ricketm respended to
Dy at 50,000 IUfday or more, or to 25~0H-D3 at above
16,000 TU/day, or very rapidly to 1,25-(0H)2-D3 at &0
IU/dey. Thus the suthora pinpointed a racessive hered-
itary defect in the kidney enzyme 25-0H-Dj~l-hydroxylase
a8 the cause of this type of ricketa (3398).

In the D-resistant form of rickats defined as "X-linked
dominant hypaphosphatemia", excessive renal excretion of
Py was corrected by i.v. infusions of Ca, or by repalce-
ment of Py, Ca abmorption was defective, and FTH levels
were axcesslve, After varicus tests, the authors con-
cluded that the impaired D mataboliem was secondary to a
genetic defect in the Pi tramsport systema of kidney
and other tlasues (2122).

Normal abaorption of Dq was found in & group of young
adult patients with bona demineraliration sscondary ta
chronle kidney fallure, In this case the mechanism of
Ca BP synthesins was conslderad defective {263), but
its depandence on  1%,25-(0H)2-Dj remains yncertain
(4376).

Although low blood lavels of APase have lomg been
diagnosed ané more recently have been studied in relation
to impaired omteogenesis and Ca absorption the question
of wvhethar tha APase daficlency syndrome invelvea D or
its metabolites 1 not yat settled (4376},



g

taractions

On the other band, the cardiovascular systum was
clipically inwvelved In the sofc tissus calcification
of hypsrcaloenic infants considered to be unusually
sensitive to supplewants of D (5218); and when cardio-
vascular damags wes inducad in racs by large excesses
of Dy added to their diats, slcerationa of APase activity
in the sorta wera amwmg the major enzyme effects, (A353).

D; has bean reportad to improve the microacopical organ-
ization of osteogenesis independently of the amount of
aineralization (2414).

Various effects of D have besan reaported on the metabol-
1ism of other minarpls such ss Mg (5219}, Zn {529},
Cu (2283), and Mo {118 , and upon the phosaphorylation
of thismin {%691).

D has also bean raported to have sstrogenic activity
(4382},

Diet supplementa cother than Ca and P can modify the
Teaponse to D and yice versa, Toxic sffects of excess D
in rats wars dininiahed when axcess A was also fed {g54)
but the literature is not unanimous on this. Lactose
apparently can have a D-like affact in D-deficlent rats
when fad in placa of starch (1599. Strontium fn the
diet has produced ricketa in chicks by diverting the
netabolism of 25-0H-Dy from le¢,25-(0H)3-Dy to 24,25-
{OR)2-D3 ( 437§, Diphosphonates may sct simllarly &376).

Supplemmnts of D can sohance or diminish responses to
other stercids, depanding on dosage and other factora.
Symerglam has bean reported with chalesterol (1533).
Both eynargism and antagoniswm have besn reported with
eatrogens {4382 and corticosteroids {4375}, and the
diacrepancies remsin to be resolved (4378,

A Teport that barbiturates accelsrate the mnubnlium
of D3 has not yet been confirmed (4376).

Anticonvulaive drugs swy produce hypocalceris and
rickets by causing the active astabolites of D to dis-
appear, and definitive long-tarm satudies are required
(4376).
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Neithar the official compsndia consulted, nor othar
saarches, ravealsd say data pr studies on quantitative
exposutes of ths United Btates population to eunlight,

or on UV irradiation of tha land surface of tha United

Etates or of any Tagiom of the nited Statea at any time

of ysar. Thus, no base-line data wers foumd for estimat~

ing the amcunte of endogenous D sctivity gensrsted naturally
in tha United Statas population,

Ingestible forma of D produced in the Unitaed States in
196% totaled 10,000 lba, or 177,805 bhilllen IU; total
sold was 4000 lbe, or 79,597 billion IV, with & value of
$655 mlllion, or 98.23 par billiom IO {5673).

In 1971 che total ¢f condensed and evaporated milks
consumad in the United Statas was 1386 willion lba, or
6,8 lbs per capita, cowmparsd with the psak 20.4 lbs per
capita raported for 1947 (6394 ).

For 1971 the total of margarine consumed in the United
States was 2264 willion lba, or 11.1 1lbs per capita,
teflecting & continual incrsase from 5.5 lba per capita
reported for 1943 (6394).

In 1985 potentlial exposures to D were listed by the MAS
HRC, in terma of fortification of the following foods
(0080 5
a. Praparsd brsakisst cersals, vitanin D-milk, evaporated

nilk, akim milk, infant dietary formula, Mellorine
(vegetable—far imitation ice-cream), wargarine,

b. 250-1000 IU/1b in enrichad flour (including bromated
and sslf~raising flours), suriched cornmesl and gritas,
anrichad maceroni snd noodle producta.

c, Hariched farins at 250 IU/lb, bread and rolls at
250-750 IU/1b, avaporated mdlk at 25 TU/fl. oz. of
finishad product,

Another source (0988) discussed soms mathods of adding
D to focds, Yor example, D could be added to dry milk
in & beadlet form, or by homogenizing in an odl carrier
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before drying the milk. Dy was atated to be the "common
form used in homan nutriticn;" and hecausa of
analytical uncertainty in assaying low-potency products,
"avarsgas ATE Dacassary",

The 1972 ¥HMA Comprebansive GRAS Survey, based on a
quastionnairs, snd published by the HAS NAC &190) estimated
some possibla average daily intakes of D from the sources
1isted (based om total sample) and alac maximal daily
intakes (comverted to pg):

Average Max Avarage Hax
0-5 wo. 482 875 26 103
6-11 =o. 189 B55 2590 1388
12-23 ma, 160 k- 237 Bl4
2-65+ yr, 219 5710 199 586

Carriers of Dy listed were: baked goods, breakfast cereals
other greins, fate sod oils, wmdlk products, meat products,
poultry, sweet ssuces, beverages, imitation dairy products,
and baby foods. Carriers of D3 listed were: fats and oils,
milk products, and baby foods.

Two major supplisrs of milk to customars in tha greater
Washington (D.C.) area, sach covaring ths sntire area,
responded to sn fnvitation to statse thelr policy and ite
results. It was iunwn in adwance that these wera (1) a
retail chain pffering only vitamin D-milk, and (2) & milk
producers’ co-oparative with 206 convenisnce stores offer-
ing both typea of milk. Replies were as follows:
1, In 1969 both plain and vitamin D-wmilk were offered;
by 1971 salss of plein milk had dropped, and its procsssing
was no lomgar economic (2092).
2. The policy wea to offer the customer a choice §903}.
Total turnover for Movambar 1973 was 1,029,117 gallons.
of thia, 11X wae homogenized milk with D, 551 the same
without D; 3% was lowfat milk with D, 193 was lowfat nilk
without D; tha remalning 8X wma skim milks and cream, all
with added D,

xili



Jclasmcific and
Sugver Mports

In 1973 a manufacturer (5895) stated, in reeponss to
an inquiry, that tezicologicsl and clinical data wers
baing developad with a view to meking availabla 25-0H-D4,
1,25-(0H)7-D3, and 1A~OR-D3 ma specific supplements for
people with metabolic defscts that currsntly resulted
in their having to taks massive amounte of D vitamins
with all the atteadsnt hazards,

In 1938 appeared tha claseic paper by Jeans and Stearns
{2933} cited in wost subssquent diascussions of EDA (1849)
in support of a level of 400 IU/day. Howewer, the authors
recommanded not 400 but 300-400 IU/day, called this
"temtative”, restrict-d it to “enly the ingeated forma of
vitamin D' knowm st that time, and cautioned that intakes
conaidarably greater "may be detrimental”, giving 1500
IU/day as an sxample. They furthar cauticoned that the
lowest harmful intakes had not basn establiabed. The
authors ewphasized that thare wam o basis for any recom-
mendations for breast-fed babise, premmiure babies, clder
children, adolaescents, or adults, including pregnant or
lactating women, With thess cautions, they preovielonally
suggested intekes ranging from 350 IU/dey for children to
B00 IU/day for preaghant or lactating women.

In 1966 Fraser et al. (1894) suggested that the Jeans
and Stearns paper {2933) "does not stand up to modern
tests of significance', and Tauseig (5703) concluded that
childran susceptible to hypercalcemia had lass than an
f-fold margin of safary above the RDA of 400 1U/day,
recommanding that physicimns should svoid giving children
dogan that wars unnecossary and might bs harmful.

In 1968 Stearns (5504) concluded that 60~-100 IU/day
vas snough to prevant rickaete, that 300-400 IU/day was
anple for maximal growth, and that growth was impeded
abova 2000 IT/day. ©Sha statad that many more babisas in
America woare being overdosad than were being underdosed.



In 1970 Ssalig (5217} concluded that I; was more toxic
than Dy to the renal and cardiovascular aystems of
exparimantal animals; that for humen iufants 95 IU/day
in milk was adeguats for prophylaxis; that even darkly
pigmentsd childrec had been protected by 332 I/ day in
milk, snd such amounts could proveks hypercalcemls in
fair-skinned children; that hypercalcaemle damage to brain
and arteries was usually irreversible at the time of
diagnowis, whareas rickate could be diagnosed while damage
was atill reversible; and that the wniversal 400 IU/quart
of milk was an "sditorial compromise" and should ba re-
evaluatad, The suthor notad that the potency of a given
amoynt of D in nilk was 310 timer greater than in the
carrier used for bloameay, which waa oil.

In 1971 Lumh ot al. (3607) surveyed some normal popula-
tions and found an average D level of 0.77 JU/ml of serum,
They concluded that the normel or lessat-sufficient valuyes
were umknown, and the conventiomal 1 IU/ml was arbitrary;
that thera was more sunlight in North Ameyica than in
Britain, and mors agurcea of D wers avallable; that adulte
probably required only 75 IU/day but casual exposure teo
syplight wae inadequate; snd that adult Britons seldom
ingasted ovar 150 IU/dey, but no veliable data existed
for Morth Amayica,

Tn 1973 Palmisano &431) noted that moat commerciel milks,
baby fooda, and breakisat cereals were D-fortified; that
average Americans could ingast several times the RDA; that
amounts slightly over the RDA wars profoundly toxic to
soms individuala (kidney calcification and hypercholestercl-
enis); that D-deficiency was rare axcapt whera malabsorbed;
that the KDA wes a veximym from all sources, and the wmin-
1mam, 70 YU, was available in America from intermittent
sunlight axcept perhaps in very dark-skinned pacpls, and
infants had less skin pigmant than adulte in all races;
and that the new D3 metabolites cught to lead to a new
approach.
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In 1973 & Lancet aditorial Q193 ) noted that senior
citizsns recelved Lass UV and nesded more supplesentsl D
than youngay adults, The Joursnal of the American Madical
Aspociation {1631) dree attention to the new D3 metabolites.

In 1954 the Amarican Institute of Baking (0079) advised
1ts mesbexs not to add D to hread or, &t any rate, not to
add more then 400 IU/1b of flour and then to add Ca eneough
"to parmit simultansous claims for calcium™. The Institute
addad that such addition “contributes littie to the
nutritional walfave of the Amexicsw public”.

To 1973 Brooks (0771) obasrved that response to the
1954 circular (above) was incosplsate, samhers pointing out
that sany of tha poor could not afford the extrs panny
that was than chargsd for D-milk.

In 1943 the Committee on NHutrition of the American icademy
of Padiatrics (AAPCR) {1118) iasued a policy statemsnt on I.
Thay snnouncad that:

1. 250 IU/day were at least as sffective as greater intakes,

2. Nagro infants did not nesd mora than White Infants.

3. Gingle doses of 300,000 IU ware unneceasary and
wphyeiologic,

4, Premmtura infants should raceive D in the first two
woeks of life, but not wore than 100-200 IU/day,

5. FPFor older children and adults including pregnant op
lactating women, nesds could not be stated for lack
of avidencs.

6., Toxicity data wara contradictory, but intakes far
balow 3000 IU could aomatimas be toxic.

7., Exposures in the United Statea and Canada could
reasonably axcesd 3300 10/day, with ynknown long-term
conssquances, Only milk should be fortified.

Tha Committes almo warmed of the variety of D sourcas,

reaffirmed an RDA for infants and children of 400 IU/day

from all sources, and urged that commwrcial D supplaments
should be restricted to 400 IU/dase,
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In further stataments the AAPCH added:

1. ¥on-fat dried milk was oot D-fortified bacausas of
a dafact in the 1944 Standsvd of Identity; infanta
fad on it should raceive D supplements (1115),

2, Infents should receive 400 IU/day, minimum 250, and
formulas should comtain 400 IU/100 keal (117).

In 1973 AMA Council on Poods snd Butrition (AMACFH)
{(1174) definad “"enrichment" sa additiom of putrisntes to
confors with a Government standard; "restorstion" as
sddition to replice losses in procassing; "fortificacion”
as addition of nutrisnts or quantities thereof that warse
never present, They (L1848 ) endorsed all three procedurea
with regard to D in milk, fluld akim miik, and nonfat dry
wmilk, Im addition thay racommsnded:

1. Standards should ba sdjusted for extra nesds of
identifiad groups in tha population.

2. PEnrichment or fortificaticn should satisfy the
following criteria:
a. Enough peopla nutritionally deficient.
b. Enough consumara of the propossd product,
e, Bioavailahilicy,
d. The diat would not ba unbalanced.
¢, N0 bazarda of sxcess consumption,

In 1968 the Food and Nutrition Board of the FAS NBRC {1849 )
"reaffirmed" an KDA of 400 TU/day for It activity from a1l
sources for infanta, children and sdolescents, adult males
snd famales up to age 22, and pregoant and lactating woman,
Thay alsc advised night-workers and nuns to drink vitamin
D-milk,
In support of thass Tecommendations they stated:
1, D~dafici{ency arose when the total from UV expoaurs
and ingasted sources was inadequata,
2. Ricketa had been preventsd by 100 I0/day in normal
and 200 IT/day in premature infants; it had besn
cured by 300 IU/day.



3. Beyond infancy, rickets was virtually uaknown,
and D requiremsnts wars bard to determine, The
D requiressnts of adults wera unknown,

4, Much less than 2000 IU/day wara toxic to some pecple,
and long-range effecte of small axcassas had not
bean studisd "extensively".

5. W®aal intakes were hard to asssss because #c many
foods ware fortifisd. Excassive intakes wers common,
atd most people of all ages received the BDA withsut
supplements (excapt infants fad breast nilk or uc-
fortified formulaa).

In 1973 the Bosrd issued a policy stacemant (1848)
intendad to superaeda tha 1968 MDA etatemant although
quanticies of D wers not mentionad:

1. All RDA were contained in a proparly sslected dist.

2. D should ba sdded to milk, fluild skim mdlk, and non-
fat dry milk,

3. Standarda should ba adjusted to extra needs of
identifiad population groups.

4. A food ahould be "fortified" or “enriched" only wheu:
a. Eoough people ate it regularly.

b. Enough were deficient of the sdded nutrient,
¢, The nutrisnt was stable and available.

d. The diat would not be unbalanced,

@, No harards from heavy consumption of the food,
f, Tha cpat was reasonablas,

In 1970 the report of a Joint WHO/FAO Expert Group (2969)
stated that axposure data were still lacking, although
they accepted an astimate of 116133 IU/day for Britain,

Thay recowmsnded 400 IU/day from birth to age 6, and for
pregnamt or lactating women, and 100 1U/day for othera
ovar aga 6. |

In & furthar 1970 report the WHO/FPAD {1844) concluded
that currant programe of fortification prevented neither
ricketa noxr hyparvitaminosis D.
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Bajuletory
Etatus - 5&

The Pressat United Btates lew on the sale snd lebaling

aof products that are sources of D is contained io two

FbA Regulations Llssusd in 1973, which acquired legal

forcs on January 1, 1974, with cartain provisions effective
on Janwary 1, 1975 {0197, 0198):

1,

2.

L

6,

7.

The Ragulations cowver all "foods" to which D has

bhean added, and natural sources of D for which a claim
is mada on tha lsbal.

The "U.5, RDA" i 400 IU/day,

The labal will spacify sny consumer group{s) for whom
the product is epecially intendad:

a. Infants

b, Children under & Yeara

¢, Older children and adulte

d. Pragnant or lactating women

If a natural source of D contains 101 or more of the
7,8, FDA, it can be callad a "significant source'.

If a sarving or dosse—unit (e.g., pill) containe 502
or more of the U.§5. RDA, after I han bLean added, the
preparation must be describsd as a "distary supplemant',
Exempt ars natural sources of D, if additionz no more
than restors the natural D content.

If a singls sarving or doss-unit contains more than
100X of the U.3. RDA for witamin D, it shall bs a
prascription-only drug., Exempt are foods for use
"solaly undar madical suparvision” by paopls with poor
absorption of D; these may coptain up to 1000 IU/dose-
unlt or recommended daily intake, and may be bought
without prescription.

The Regulations do not otherwise restrict cwer-the—
coumter sales of D. Nor do the Eegulscions mantion
the GRAS List.



The title of this monograph is "Vitemio D" and its subject wetter includes
vitamins D, D,, amd D:' The lant two are chemically dafined sybstamces, like
others in the CRAS Mowogreph Saries. However, "vitemin D" is not a specific
substamce but a biologlicel sstivity. Henca the nesd for a prafaca to this
nonogeaph .

WHemein D activity is ezhibited by wany compounds, natural end synthetic.
The natursl ones occur widely, and not all have bseu idmmtified. The aspecific
activity is antirachitic, snd it can ba elicited by ultravioclet irradiation of
the subject, the compoundms, or satarials containing the compounds. The activicy
is oeasured by bioazaay, stamdavdized om a dietary procedure for Iinducing and
then curing rickets in rats, with a refarence standard comsisting of a measured
moumt of one compound, vitsmin D3 or chole_aleifarol.

However, it has becoms known that the curing of rickecta, as bloassayed, In
an end vesult of several biological actious, that scme compounds axhibit in
proportiops that differ from those azhibited by the rveference stundard. Some
compounds discovered recently, or syntheaized in the laboratory, hawe potencies
that are high but selactive snd are npot fully revealed by the official bloassay
proceduras .

Such potencies ars currsmtly ender intenaive atudy, for example, for apecific
low-dose treatments for dimorderw of calclium smtaboliss that hitherto have been
treated with massive intakes of vitamin D compouds. Some of the new compounda
ara being considered for large scale manufacturs,

Thus the entire field of "vitamin D" fs currently in a phase of rapid change,
dua to advances in knowledge.

In addition, the term "vitmmin" as sppliad to the vicamine D has been
controversial for more than fifty years. Early ressarchars believed that the
activity vas hormemal. Then it was shown that factors promoting the activity
could be ingeatad. The most recent ressarch has estsblished that somm of the
{ngestible factors qualify to be called “prohormones” because they are metabolizaed
to active subatances that ars hormones,

Thus conclusions reachad in many of the reports sbatracted in this mencgraph
can ba reinterpretad in the light of later discoweries. To provide context for
randers who are not curvently active in vitewmin D research, = brief chronology
of aalient advances in knowlsdge will be foumd {mmediately after the glossary
that follows this preface.



1.8
i.m.
i.p.
IR
I
l.v.
mgd
mos.
mp
mBENA

Glossary

vicamin A

American Academy of Padiatrice

Committee on NMutrition of the AAP

Ameriean Medical Aiasociation

Counci]l on Foods and Hutrition of the AMA
alkaline phosphatase, phosphomonmossterase 1

adenceine triphosphate (ADF is the diphosphate,
AMP the monophesphate

adencaine triphasphatase

{Years) before the pressnt

bleod urea nitrogen

Calcium

calciun~hinding protain

cyclic 3', 5'-adenosine monophosphats
coenzyae A
Vitamine D, DZ’ D3
deoxyribomucleic acid
erythrocyte sedimentation Tate

Food & Agriculture Organization, World Health Organization
of the United Rations

Food & Drug Administration of the United States
Generally recognixed as aafe

United States Department of Health, Bducation, and Welfare
intragastric(ally)

intramuacular{ly}

intraperitoneal {1¥)

Infra~red radiation

Inrernational Unit

intravesous{ly)

milligramas per 100 milliliters

monthe

melting point

messenger riboouclelic acid

melecular welght



KAS KRC

apn

1,25-(0H) ,-D,
25-08-D,
1,25-(0H) ,-D,

25-DH"D3

B

gp, SpF
TCA cycle
tap

08, USA
nsy

v

e.

viv

wiv

nicotinamida adenine dimuclectide; WADP ia its phosphate
aalt; RADH, RADPE are the reducad forme. Synonymous with
the older tarms DPY, T¥N, DPWE, TPEH raspectively.

National Acadsmy of Eciances, Matlonal Resesrch Council
nancprama, raplacing the clder term millimicrograms

panometer{s), replacing the older tearm miilimicrons or
millimicrometers

mucliear magnetic rescnance

non-protein nitrogen

1,25=-dihydroxyergocaleifercl, the hormonal form of witamin Dz.
25-Hydroxyergocalciferol, or 25-hydroxyvitamin B,

1,25-dihydrozycholecalciferol, the hormonal form of vitamin na.
{also found in the literatnre as DHCC).

25-Hydroxycholecalciferol, or 25-hydroxyvitamin D3 (aleo
found in the literature= aa HCC).

Phoasphorus

inorganic phosphorus (phosphate}
prostaglandine A, B, ox E,

per os, oral{ly)

parathyrold hormone, or extract of parathyroid gland used asa
& pource of the hormone

red blood cell{s)

Recommended daily allowanca(s}
ribomuclele acid
supravalvular acriic stencsia
subcutaneoua {1y)

species {(singular, plural)
tricarboxylic acid cycle, or Ereba cycle
reaspoonful

United Statea of Americs
{lnited States Fhamacopoios
untraviolet radiation

versue

volume/volume

welght/volume

Degraea of temperature: centigrade (Calsius) unlesa otherwise specifiled.



CHEONOLOGY OF SALIENT ADVANCES IN NNOWLEDGE OF THE VITAMINS D

The outline history of the vecognition of rickets, ite sticlegy, the roles
of vitemin D, and the finsl sccaptamce of the active metabolites of this vitamin
ss hovmemes, have heen abatracted in part from a number of review papers (CB37,
1429, 2887 2577 4212, 5204, 5218), and in paxt from the original documents.

Rickets was described in England about 1650 when air pellution first became
severs, following the Introdweticn of soft coml. In the early 1%th century
Wendelstsdt described itm oceurrance at Wexlar, Cermany (3577).

In 1824 Schutte recommeaded the uae of fish liver olls, seemingly for
might~blindness, since the functions of vitmeina A and ¥ were not recognized
saparataly at that time {(p837). :

In 1854 Thompson wrote that the value of coconut 0ll was as great as that
of cod liver oil, unlike almend or olive olls; and because coconuts were sun—iried
bafore oll extraction, this hag besn claimed ss the fiyst speecifiec recommsndation
of an irradiated ofl (5204},

In 15864 Blake proposed that ¥esnderthel Mam, claimed by aome as a precursor
of Homo sapiens, was simply H. sapiens with severs rickets (2887), 1n 1872
this opinion was supported in detsilad arguments by Virchow., 1In 1970, afcer
& century of disfavor, it was agaip argued by Ivashoe (2887) on the grounds of:

a. Gross and detailad werphology, which could be verified by modern

techniques, and in sose cases had basn verified;

b. Gecgraphical distributions of finds;

¢, Age of finde limited to pericd ca. 70,000-35,000 BP, coincident

with overcast climsts and cold that drove san into caves; attenuated
ayoptoms associated with high altituwdes or intervals of climatfc

repisaion;

d. Absence of evolutionary precursors; and
a. #baence of fishing squipwent smd psueity of fish ressins at Neandarthal
nitas; signa of fishing bagan powt-Nesnderthal, sbout 30,000 vears BP.

In 1684 Fassowite cbearved that the incidence of rickets was seasonal, and
atcributed it to winters indoors (3577).

In 1888 Bland-Sutton documented rickets ay endexic smong animals at the
London xoc but not ar Manchaster, Dublin, or other British zoos. In 1906
Hanssmann called ricketzs a disease of "dosesticetion” (3577).



In 1889 the Eritish Medical Association prepared waps showing a relationsbhip
between rickets and cities. Tn 1890 Palm obsarvad the abmance of rickets in
Japsn and concludad, from correspondsnce, that rickets was confined to northern
Burope and related to lack of sumlight (3577).

In 1909 Sehmorl confirmed that the incidence of rickers was seasonal, by
analysis cf 336 autopsies on children younger than four. 1In 1912 Raczynaki
reared one puppy in sunlight and its littermate in the dark. The latter
developad rickets, and ita bones comtained 367 less calcium than those of the
puppy reared in sunlight (3577).

In 1912 Funk coined the word 'wvitamin'' (0837).

In 1913 McColium and Tavis reported that an accessory food factor needed
for growth vas present In ether extracts of butter or egg, but oot of lard or
olive ol]l. In the same year (mborne and Mendel found that milk contained such
a substance, that was pressnt in the butter-fat, and in 1914 they demenetrated
its presence in cod liver eil. Almec in 1914, Drummend aeparated what i3 now
called vitamin A from cholesterol, part-purified 1t, and concluded that it was
an unsaturated stevol (DB37).

In 1918 Findlay and Paton fed butter to pupples with rickats at Glasgow,
and found that it increamed the saverlty of rickets, At Bombay, Hutchinaon
obaerved an absence of rickets amomg poor Hindus who lived ocutdoors, and frequent
rickets amcmg well-fed upper-class Hindu and Moslem infants who were kept
indaorsz: he cured ten of these by wipply exposing them to sunlight, A study
of 200 Glamgow familiem by PFerguaon. revealed that rickets wag ten-fold mare
fraquent among children kept indoors than among those who were allowed out.
Thus rickets dus to lack of sunlight appeared to be aggravatad by rich feeding
(3577},

In 191% Huldehinaky at Barlin cured four casems of rickets in lass than two
months by exposure te artifielal WV ivvadiation. He showed the invelvement of
a hormopal syatem by irradiating one aym and demonatrating, by x-rayas, calcium
deposition in the bonos of the other arm (3577).

In 1919 Mellanby induwced ricketa in dogs, at London, by feeding them an
unbalanced diat that he called ‘'rachitogenic” (3577)., In 1921 Sharman and
Fappenheimer produced rickets in rats fed low-phosphorus diets (G377 ). Then
in 1922 McCollum found that cod liver oil, when heated, lost its vitamin A
activity but could ati]ll]l cure ricketa. He named the ancirachirir factor "vicamin
Dt (3577 .



In 1971 Howland apd Framer reportad that in rachitie persons the serum
(Ca x B} level was too low to permit calcification of bone €4376). In 1923
Orr and co-workers in Amaricm reported high fecal Ca loss by patients with
rickets, amd suggeated that vitwmin D must act to increage Ca absorption, but
the suggestion was not accapted by othars (4376).

In 1973 Steenbock and coworkers at the University of Wisconsin ahowed that
birds responded better to vitamin 1, than to B, {4376},

In 1923 Park, also in America, reviwved the evidence snd concluded that
the underlylng deficiency in rickets was endocrine, not dietary 357N,

Howaver, in 1924, Steenbock showed that rickets could ba prevented by
irradiation of the diet (1426), snd in 1925 Steenbock and Black (5313) reported
that their non-irradisted Rarion 2945 wmas better and more consistent than any
othar diet teated for producing experimental rickets in rate. Among other
advantages, 1t did not produce signs of vitumin A deficienmcy.

Shown in Table 1, this dist bacame known as the Staenbock diet, and for
half a century has been a standard mathod of producing experimental rickets in
rats.

Table 1. The Steenbock Dier (5513)

Yellow corn 76X
Wheat glutsn 20%
ﬂaﬁﬂa x
NaCl 1z

The authors (5513} aleo concluded that:
a, Too much frradiation fnactivated olive or cod liver oil, but olive ofl
kept ite potency when stored for about 10 months in the dark.
b. Crystallized cholesterol and its scetate and benzoate salts could be
activated, and too much irradistiom did mnot destroy thelr activity.
¢, Mineral oil could pot be activated.
d. The sntirachitic fasctor of irradiated oila smnd fats was in their
unsaponifiable fractions.
¢. The unsaponifisble fractions could not be activated whem the oils were
aged, but only when they were frash.
£, Acidity did not influence the capacity for activatiom,
In 1377 Windaus aud Hess, and algso Rossnheim and Webster, reported that
ergoatexol could be activated by irrsdiation (6048), In 1928 Windaus was
sesrded the Nobel Prize for atudies on '"the comstitution of the stercls and



their comnection with the vitamins”. This effectively smothered the conclusion
that Parka had reached In 1923 {3577).

In 1931 the League of Nations formally proposed the International Unit
88 the atandard of D aceivity (4212).

In 1932 teams led by Windaus and by Askew isolated and identified vitamin
D, (428).

In 1933 Greaves and Schmidt demonstrated the need for blle malts in the
ahsorption of vitamin D given by mouth (4376}.

In 1934 Waddell studied the provitamins D, as the antirachitic factors were
now called. He discovered that irradiation of "erude' choleateral produced a
different provitanin from that present in irradiated ergosterol: it was more
active 1in chicks than in rats, and was inferred to be the main provitamin N of
human tissues. Comparing milk with cod liver edl, Waddell eoncluded that the
I factora in milk “may possesa virtues still not underatood but which may be
explained for the moment on the assumption of better absorption’” (D48,

In 1934 Garnes pointed to differences of potency amonp cod liver oil,
vipsterol, and milk, and to mpecles differencea of reaponse among chicke, rats,
and human infants. Thus bloassay data might not be clinically wvalld, and after
studying 38 infants he recomnended standardizatlon of clinical procedures for
evaluating different sourcea of D (0354). In the aame year the USP unit was
standardized to agree with the vecommended International Unit to measure the
activity of 0,025 ug of IJI3 4212),

Aleo in 1934 Dodds (1521) first reported estropgenic affects of erposterol
and calcifercl when given in high doses to apayed rats.

In 1936 Lewis conducted a clinical srudy of the vitamin D responses of
Negro, Hispanic, and White children in Hew York. He found that the Hegro
children were most liable to rickets and responded leaat to low-dose supplesen-
tation with D in milk (5218},

In 193 Windaus reported the identification of wvitamin Il3 with activated
7-dehydrocholeaterc) {4376). After confirmation by Schenk in 1937, it became
asgumad that D acted mmaltered 4376},

In 1937 Nicolaysen treported that Ca absorption was increazed by D ($374),

In 1938 Jeans and Stearns {2933) published a clinical report that became
end remained the principal basis for the RDA, although the
authors emphasized the lack of smmd avidance and the need for caution. Thedr
recommendation that infants receive 300-400 TU/day wam ''tentative': the lowast



effective dose had not been establismhed, and 1500 IUfday "may be detrimental'.
They noted thab thare was no evidence as to the dose-respomses aof children,
gdolescents, or adults.

However, in 1944 Johnston (2966 ) reported a cliniecal series from which he
concluded that D elicited 'no evidence of depressing effect"” on growth when
given to children as a concentrate in smounts ranging from 6530 to 3,900 USP
units fday.

In 1941 Harrison and Harrison reported that vitandn D increased the kidney
tubular reabsorption of phosphate in dogs, but thia report was doubted by others
because the parathyroids were not removed (4376é). In 1043 Migicovsky and Elmalie
{3954 ) reported that in chicka, D given by mouth diminighed the excretion of Ca
but not of P, which was diminished by Ca iagestion.

In 1952 appeared the firat reports of ldiopathic hypercalcemia by Lightwood
and by Fanconi and coworkers, describing siens typleal of pross ovenrdosase with
vitanin D in infants who had not received supplements $495),

A shown by Nicolaysen sand HEeg-Larsen in 1953, it was then recognired that
large ampunts of D tended to decalcify bone, rather than to mineralize it, From
1952, Carlzson and coworkers proved this by tracer experiments (4376),

In 1955 Kodicek syntheaized C''-labeled D,, and in 1956 he began to study
the posaibility that it was active only after metsbolism, but the gpecific
activity was too low for him to detect metabolites (4376),

In 1958 Pellers and Schwartz {1773} suspected thar, in hypercalcemics, a
sterol other than D3 wae responmible for D activiry,

In 1958 Neuman and Neuman suggested that bleod was normally superseturated
with Ca and P, and in the same year Neuman went on to show that in rickets the
blood was less =saturated with Ca and T than the bones, Thus they confimmed
Howland and Kramer's report of 1921 (ﬂ3?ﬁ}.. '

Also in 1958 Harrison, Hartison and Park showed that vitamin T was required
to mobilize Ca from bome (4376}, (This agrees with the concept that rachitic
blood has less Ca than normal blood).

In 1959 Rasmusmen firat obssrved the role of PTH in Ca mobilization, working
with ipolated rat intestines (4376). He went on to atudy the role of calcitomin
(5684),

Also in 1954, and using isolated rat intestines, Schachter and Rosen
demcnatrated that Ca was transported actively, againet a concentration pradient,
by an energy-requiring system of finite capacity @374).



In 1964 Thompson and Neluca (5772) reported another effect of D that was
not Ca-dependent -~ Dz tripled the incorporation of P into phospholipids 1in the
gut mucusa, somewhgt lesm in the kidney, but not at 211 in the liver, They
concluded that this would aseiat Ca transport if enough Ca were present.

In 1965 Wassarman and Taylor isolated and characterized a Damdependent
apecific Ca-binding protain that was part of the outer rmembrane of intestinal
mierovillt, but in 1973 1its precise role In the sequenca of Ca-transport events
was atill in doubt (1557, 4376).

In 1965 Quarterman (4671) injected Dy
and a pig, and observed chrowatographic Increases of a substanee in the ileum,

into rats, rabbita, sheap, poats,

liver, kidneys, and adrenals that he suspected was a matabolite of HE’ although
he cguld not prove it,

In 1966 Heville and Deluca syntheaized Haﬁlnbaled D3 of high apecific
activity (4376), and In the same year Lund and DeLuca {3513) and Fraser and
Fodicek (1805) isolated at least three metabolites of DS that they described
a8 estars.

In 1967 ¥Morii, Naville and DeLuca (5072} sliowed that one of these metabolites,
identfiffed chromatographieally as Paak IV, was as active as D3 itself in rate,
and faster at stimulating Ca transport.

In 196} Loomia (3575, 3576) reiterated the proposal (see Park, 1923, sbove)
that the yitamin D system was essentlally endocrine, driven in man by UV
irradiation, and controlled in the long term by the degree of skin pilementation.

In 1968 Blunt, Deluca and Schnpes ymequivocally ideneified 25- =D, 0633 );
they synthesized it (0630}, and Meluca and his coworlkers demonstrated that it
was elaborated by a specific enzyme avetem In the liver (4376, 4598). The
game team in 1969 isclated and characterized 25-—!’.!1—1'12 %376, 5588 ).

Meanwhile, in 1968, Hauesler, Myrtle and Norman demonstrated the existence
of a D3 matabolite that was more polar then 25-nﬂ-D3 and that was active In Ca
transport {4376).

In 1969 Seelip reviewed the clinical literature and her own work (5216),
concluding that in the general population of the Imited States the hazards of
too much vitamin D activity often outwelghed the hazarde of rickats,

In 1969 Lawaon, Wilson, and Kodleek used douhly-lsbeled D, with K> in
the C-1a position to discover that the highly active, more polar metabolite of
D3 wan in fact altered at that position G3763. 1In 1970 Fraser and Eodicek (1503)
discovered that this metabolite was aynthesized only in the kidney,



In 1971 Holick snd coworkers in Deluca's laboratory (2691, 2693) identified
this metabolite as 1.25—(0H}2-D3. in 1972 Semmler and coworkers in the same
laboratory achieved chemical synthesia of 1,25—(0M}2-D3, proving thae it was
in fact la,25-(0H),-b, (4376). In 1973 they prepared the potent synthetic analog,
la~0H-D, (2688).

When ODmdahl and Deluca (4376) reviewed the state of the art in 1973, many
metabolites and analegs of D, DS' and tachyeterol had been rapidly isolated,
characterired, and synthesixzed. Studies with these compounds had led to
identificarion of precise metabolic defects in peveral forma of D-resistant
rickete and hypercalcemlias secondary to kidney malfunctions. Proepects of
spaclfic treatmente with low doges of theme new compounds were being discussed
in the literature.

Some of these compounds, notably 25-—0’:;—113, lu—[!l-Da, 1u,25={mi}2-n3, and
the isotachyatercls had been found to act faster, more potently, or more
salectively than the “vitamins" D. Theoratically, their marginm of safaty
were expected to be amaller than those of the "vitamins" R, Toxicalogy
studies had been started, bur wera not yet ready for publication {private
commvnications). [Jevertheless, off-the-record opinionm ware received that at
least one of these compounds, 2.".r-iZlII—I!3II wag being considered as a posaible
replacement for vitamin D as a food addietve.]

Finally, the conclusions of cthe aarly inwenstipgators, Iiuldshinsky and Park,
were confirmed by Meluca and hia coworkerpa, In 1972 Deluca commented (1429)
that D probably bacame j vitamin when man started to wear clothes; this of
course was before air pallution (577) became a problem. In 1373 Omdahl and
Deluca (4376) identified 1u,25-(ﬂH)2—D3 as a hormone, and D3 ag a prohormone
op the basls of spectfic evidence as te thelr chemistry, metaboliam, distribution,

and modens of action.
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CHEMICAL INPOBMAYION

I. Homenclature

A, Comsew Nmurs

A system of nomanclature for the vitamin D compounds hae been recommanded
by the Intsrnational Uniom of NHutrition Sciences Committee on Nemanclature and
the Committes on Nomanclaturs of the Asarican Instftute of Nutrition, am of
January 1974 (0200), without change frowm thelr recommsendations of Japuary 1973
{0195):

1. '"Vitamin D" means all starolds with the same sort of activity as
vitamin II',_,_- Fhrases guch ag "vitamin 3 activity” or "vitamin D deficiency"
are preferred usage.

2. Three compounds are nsmed speclficelly, all having the basic structure:

&, Vitamin DH’ with the following at R, should be called cholacalciferol.
(R-;mz-cﬂz-.cn 2-?—&:2} .
H H
k. Vitamin Dz, with the following at R, should be callad srgocalcifercl.

oLor Ly,

c. The compound with the following at R should be called
15~-hydroxycholecalciferol,

{Eﬂ-c[‘ =CH z-mz-tmz -EHHI}
H

3. Eaters of cholecalcifarol should be called cholecaleifaryl emtera, and
aaters of argocaleifsrol should be called ergocalciferyl ssters. '

Togethar, the atandard reference sources and clasaic review articles list
many compounds with vitamin D activity and many names for some of these compounds,

an follows:



Vitamin D2= Ergocaleiferol (#395), formerly caleiferol {5g77): both
nsmes given squsl status elsewhers (1120, atec.), antirachitic factor
{0071), Other names: olesovitamin D,, vicaterol, sctivated ergosterol
{5511}; irrsdiated ergoaterol (1850).

Vitamin DE: Cholaecaleiferol (6395, ete.), activated 7-dehydrocholesterol
(5877, etc.). Other names: cleovitamin D, {5511). 7-dehydrocholesterol
is also called provitamin D, (5878).

Vitamin D: Includes vitemina D), and D'.'i’ and also the following (5511):

2
Salte of I:i2 and ‘.D3= p-nitrchencoate: 3,5-dinitrobenzoate; phenylurathaen;
azllophsnate.
Vitamin Dﬁ' or 22,23=dihydrovitamin Dz and 1ts 3,5-dinitrobenzaate aalt.

Tachysterol and its &~methyl-3,5-dinicrobensoate salt,
tMhydrotachyaterol, or dichystroslum (5511).
Lumistersl and i{ts aalts: acetate; 3,5-dinitrcbenzoate; sllophanate.
Phytosterol was not mentioned {n the sources copaultad.
In 1956 Eodicek, in 8 review (3208), noted the synthesis of s nusber of
compounda related to D:
Triconjugated tachyaterol analogs:
"ALl1"-trene ~10(5) ,6 ,8(14) ,22-tetrasna,
“Al"~-trane-1(10) ,5,7,22-tatrmens
& ,7-oie-Tachysterol.
Vitsmin D analoga:
9,10=g00=10{19) ,5~trana, 7-oin ,22-trata-Ergostatetrasna,
¢,10-Dihydroxy,? ,10-dihydro-precalciferol, (Evidence wvas citad that
&,7=cte~tachystarol apd prscalciferol wers identical.}
Ipotachyatarol,
Ispovitamin DZ’ identical with pyrotachysterel,
k~Tachysterol, or &,6~tnowe A(14),22-tatraens,
&, 4-Dimethylcalel faynl,
Four Da-phouphlt: salte, md a Da-lil:h:l.tn aalt.
Othar aterols with definite or possible D activity have besn listed {5204):
Sitosterol and its T—dehydro- fors,
Srigmantarol amd ite 7-dahydro- form,
Eramaicastarnl,
Campesterol snd its 7-dehydro~ form,

12



Fucoatercl

Eplergosterol,

22,23-Oxldoergoaterol

12-Dihydroergosterol

7-Nehydroclionasterol, or chandrillasterol Qo71),
¥--Dehydroepichiclastorol,
i5‘?’zzﬂchnleat:triuua—laul,

ﬁﬁ ’ ?-ﬁu rcholestadiena~3-0l,

3-Hydruuy—&5’?-nhnladienie acid,
3,1?-Dihydroxysndrostanediene,
And the estere listad in Tablaa 2 snd 2a.

These lists were not claimed to be complete (5204 ), A more recent list

(0071) lnclwles vicamins Dy, By, and {(with synonyma):

7-Dehydrostigmasterol {provitamin D, corhisterol)
Epi-7-dehydrocholestearel (provitamin Dll
Lrgostarol {provitamin Dzl
Lanisterol (provitamin Dzl
Yachysterol (provitamin Dz]
7-Dehydrocholestercl {provitmsin 53}
22,23-Dhydroergoaterol (provitamin nh)
#=Dehydrositosterol (provitamin D5)

A growing list of newly identifiaed or synthesized compounds with vitmnin D

activity includes:

25-Hydroxyvicamin B, (5587)
5-Hydroxyvitamin D, {0630)
1, 25~-Dikydroxyvitanin Dy {4376)
1o, 25-Mhydroxyvitanin Dy {2688, 4302)
24 ,25-Tihydroxyvitain Dy (4376)
25,26-Nihydroxyvitamin D, {5586)
lo~Hydroxyvitamin Dy {2683)
5 ,6-trane-Vitmmin Dﬂ (2688)
Taovitamin Dy (2689)
].sn:n:m':i'njrn1.::!:‘1:-13 {26389
2 S—Hydrﬂxyiautadlysterqla {2689
Ibih}rdruta:hyutamlj %376)
iﬁ-ﬂrdrn:ydihydmtuhystlwla #376)

This list is believed to be incomplete.
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Table 2

Ergostercl Esters (5204)

Ester

Melting poinc, *C

Rotation {in Cﬂ613)

Erzoeteryl acetate

Ergosteryl allophanate

Ergoataryl 8-anthraquinone carbo-
nate

Ergoateryl benzoate -

Monoergodateryl esters of n-butane-
1,2,3,4~tetracarboxylic acid:
the more aoluble lsomer

the lass seluble izomer

Exrgosteryl butyrate

Ergosteryl 2-chloro-3,5-
dinitrobenzoate

Ergosteryl cinnamate

Erpoateryl 3,5-dinitrobenzoate

Ergosteryl 3,5-dinitrobansoste

Ergosteryl 3,5-dinitro-4-methyl-
bhenzoate

Ergosteryl diphenylacetate

Ergoatery] ethyl carbonate

Ergoateryl formate

Ergoateryl Ilszobutyrate

Brgoateryl lsovalerate

Ergosteryl E-naphthoate

179 turbhid
181 clear
250

155-200
165-171.5

168 decomp.
230 dacomp,
100-129.5

203204
175 turhid
190 clear
202
158-199

213-214

184

150-153.5

161.5

148 viscous, turbid
159 thin, turbid
162 claar

138 viscous, turbid
157 thin, turbid
160 clear

175

[2)2% = -s0°

0 _ _aq s
[“ISﬁﬁl 88.3

[u]n = -73"°

[a]2° = -3g°
[al}? = -50,8°

[«] = -40.8°

fa]P® = —4s°
[al}? = -60°
[ulggﬁl = ~111,1°
[a) = -87.9°
[u]%S - —B4°

[u}§5 - -82°
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Table 2 {eont,)

Egter, tefesranca

Melting point, *C

Rotation (in m!i}

Ergoateryl a-naphchylurethane
Ergoateryl 3-nitrobenzoste
Ergostervl d-nitrobenzoate
Ergosteryl 3-nitro-4-
methylbenzoate
Mergosteryl oxalate
Ergostearyl palmitate
Ergosteryl phenylurethanse
Diergoateryl [B-chloroethyl}
phosphate
Diargomteryl phasphate
Monoergosteryl phoephiiee
Monoergosteryl phthalate
Dergesteryl proplonate
Moenosrgoateryl succinate

136
151
182

191-193
255
107-108
185

ig5-167
180-182
146

169
147.5
152

falg? = -55°

Eu]D = -71°

{a]n = =45, 5"

ey = -47,2°

[a]§® = -76.4°
[al}3 = -50.9*
[2]36 = -63.1°
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Table 2a
Vitamin [ Esters {5204)

Fetar Maltine point. *C Spacific rotatior

Caleiferyl (Vitarin Dq) ace-

tate Gf [a5700 = +38° acetone
Caloiferyl allophanate 104- 105 {u]%ﬂ = +50.4° chloxoform
Calciferyl anisate 90, 5-1r1 {a]%] = +120° chloraform
Caleiferyl benzoate 22 [G]E?ﬂﬁ = +171* acetono

‘oneealeiferyl estern of
m-hutane-1,2,3,4-tetracarbox-
ylic eeld (unseperated iro-

mETE) on-1n0 decomp.
Calciferyl chaulmooprate 53 [G]STHH = +52° chlproform
Caledferyl 2-chlpro-3 A-

dinitrgbenzonte 1a7 [u]i2 = +607 acetone
Calciferyl 3,5-

dinitrabenzoate 147-14% [“15251 = +£047 Lenzenc
Calciferyl 3,5-

dindtrobenzoate 146-147 _ [u];ﬂ = 461.5* chloreform
Caleliforyl 3,5-

dinitrobenzoste {u]in & 4+86.5" acetone
Calcifeoryl 3,5-dinitro-4-

methylhenzoate 116--117 [u]%n = 4+95.%% ehloroform
Caleifeoryl A-naphthoate 132 [m]ﬁrII = +157% chloroform
Caleiferyl d-nitrohenzoate 94 ,5-9% ' [n}%n = +105,7° chloroforn
Caleiferyl 3-nitrs 4-methyl-

benzoate 11%-120 [u}ilj = £1MG, 8" ckloraform
Calciferyl oleate Liquid [ulﬁ?gn = +13.7° ehloroform
Caleifervl phenvlurethane 122 [a]%? = +42,2% chleroform
Celciferyl propionate 77 [u]ﬂgp = +37.6° acatone
Weamin BS anigate 114 [u]n = +#]127° chloroform
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Toble 2a {cont.}

bt B

Lster

Meltine point, °C

Specific rotation

Vitamin I].]
{dimoxphous) :
from benzene- methanol
fram ether
lenflets
needles
Yitamin D3 3,0-dinitre- 4
methylbenzoste
Vitamin Dﬁ f-nitrobenzoate
Vitamin Da 3,5
dinitrobenzaste
Yitamin Dm 3,5~

dinirrobenzoate

1,5~dinitrobenzonte

132
141
142
150

128-129
125-1226

127-128

123‘ 1281 5

ﬂ
[uj;_f’ = 497.0° ghlaraform
an o
[al; = +97° chloroform
20 .
Iu]D = H0GL.A® chlorefomm
[u]%n = +114,£% chloroforn
22 .
[:1]n = 403.2*% aeatone

[n]nl = +92° chlorofan
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E. Chemical Fenes

Syatematic nomes were fourd for the followlnr compourds mentioned in the

Coemon_name.
Titemino Dz
Vitamin I.‘I:_I

Etimasterol
T-Dehydrostirmaeterol

Mhydrotachyeterol
Lunisterol
SHtoaternl
T-Tehydrositoaternl
7 Dehydrocholestersl
Ergostarol

22,23-rkydroerrasteral

Mragaicarteral
Cempenterol
Fucosterol

7«Debydroclionasterol
ﬁﬁ,?,ﬂﬂ

0. Trade names 55311)
Vitamin D,

-Chaleatatriene-3-ol

rreceding paction, ?1th opcazional Aiffarenees batween spurcee, whickh are cited
accordingly .

Systepatic nane(s)

2,1 -Eecoerensta-5,7 .10 {19)-tetraen-3--01 {0071)
22,23-nihydro--24-demethyl-calcfernl {0071)
(245)-24-Frhyleholesta 5,22-dten-38-ol (D071}
Stigmasta-5,22-dien-3p-0l {£393)

{245) -24-Fthylcholesta—5, 7, 22-trien-153-0l1 {DO7L)}
Stipmaata-5,7.72- trien-38-0l (6393)
9,1M-Secoeyrpata 5,7 .22-trien-3R-o1 (5511)

98 .1 rg-Frposta--5,7 .07 telen-33~0l (6393)
Stirmast -5-on-3f-0l (63%3)

Stigmapt--5,7- dien-3a-0l {6393)

Cholesta-6,7- dien-3f~al (0071, 6393)

Frepata 5,7,22-trien-38-0l {0071, 6393)

(242) -24-Mathylehnlesta- 5. 7--dien-3f-01 (0O71)
(241 - 24-2Tet hylelolrsta- 5,22 -dien-38-0l {0071)
Erpoeta-5.22- dien~138-0l (6393)
(24R)-24-Tethylebolest-5-en-3R-o0l (0071)
Freoge-5-en-~3f-pl 2-epirmer (6393)
(E}-24-Fthylidonecholest--5-en-3f-0l (DO71)
Ctipmanta- 5,24 (2%)-dlen-3E~0l {6393}
(245)-24-Frhylchalesta-9,22- dien-3f--01 (DO7L)
Cholesta-5,7.27-trien-3g-0l {D071)

Condol
D-Tracetten
Ravitin
Decapsa

Dee- Fon
Deltalin
Daratol
Detalup

Diactol Infron

Divie Urte Fetades

Doral Mina D2
Drisdol Mulaifercl
Ergorone Hykoetin

Ertron Oetelin
Fortadyl Panvitan 6393)
Hi-Neratol Radipstel

18



Radsterin leparal Dibydrotachysterol .

Shock-Feral Ebivit AJT.1D
Stereyl Heo Dohivfral D3 Antitanil
Tongevit (6393} Ricketen . Anti-tetany Substance 10
Vie D Trivitan Lglcamine
Vitanin BB: ¥i-De-J-hydrasol Hytakerol
Daﬂvicntrat Yirantol Parterol
Delgterol Yiporsan

T, fhemicsl Abstracts Sexrvices Tolque Tepistry Tambers:
Vitanin T, 5014L
Vitamin D, 67577

Yitamin T 140167

Frpirical Formulas &511 )

Vitamin ﬁgt Ggaﬂﬂﬁﬂ
Salte  r-nitratenzoate- C35H4?ﬂnﬁ
3,5-dinicrobamsoate: C,.', 1,0,
phenylurettar: Eﬂjﬂﬁan:
allophenate: F3P”ﬁﬁ”2“3
Vitamin D3: C??Hﬂﬁﬁ
Salts: pre-nitrotenzoste: Gjﬁﬁﬁrﬁnﬂ
3,5-dinitrokenzoate: CﬁﬂH&EHEDE
allapliarate - rngéﬁﬂznj
Vitamin D: Vitsmin D&: Cgﬂtnfﬂ
3,%-dinitrotenzoate aalt: CEEIIM.‘?ZUIf
Tachysterol; CzﬂE4¢C
b-methyl-1. 5-dinitenbenzoate galt: Cgﬁﬁﬁﬂﬂgﬂﬁ
Iithvdrotashyetrrol - cggﬁﬁg”
Lemisterol” C?S“ﬁ#n

Turther empirical formulas ©071):

Stipmasterol rzghan“
7-Dehydrostirmesterol ﬂ,nﬂhnﬂ
7~Dehydrositostercl ngHﬁFD
Frpi-7-dehydrocholesteral E??Hﬁﬁﬂ
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7-Pehydrocholesterol C 2?“ 4 ;,ﬂ
Frresterol E?B“Mﬂ
22, 23-Mhydroerrasterol CEBHAFG
Erassicasternl CERE%Q
Cawpesterol CEEHH‘F
Focosterel ng}lﬁsn
7-Dehydroclionasteral AL
55.?,22 '

~Cholentatrisne-3-p1 FE?F!;ZH
CoglyyOn (4302}
3 r‘z?L“na (4302}
The akowve liet is parttal. The empirfecal formuls of a D-active compound

25-Uydroxyvitamin n,

1,28 -Mhydroxryitanin ?

dpes not fdentify it cremifeally, nor does it Indicate the presence or aksence
of D mepdvicy. Mettrr identification 1a providad by the structural forrmlas
{telor).

IEL.  Ftructural Tnrrul=as
Structutros ars riven 4n the followvine pacss {no Fie, sanbers) for a seleetlor
of the eampourds name? in the precedine sectioms.  Thev are Jrmm 1o the ronner
alopkod by tvo teans cureently occunted in charactardizin~ " active compounds (lad
reprectivels bty Teor coddeel and TMTF. Teluea)., Thiz marmer of draviees permits,

for exriple, rotatlors of £l 2 rin~ of the aterofd muctens te be iltustrated,
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Ergnatezrol

25-Niydrozyvitanin I

Vitain D3

1z, 25-Dihydroxyvitanin Do

HO



Tt

7-pehydrecheleaterol

H;
c

CH

25-Hydroxyvitanin Dy

CH,

Vitanin D3

CH,

la,2i-Dilydroaxyvitanin N3

HC

HO’ OH



1 XA

R-0”
Vitamin D,
| it
p-Nitrobenzoate, R= OzNO—C—
N
N
3,5-Dinitrobenzoate, R= C—

o,N

Esters of D2 and D3

VitaminD,

| TN
Allophanate, R= NHCNC—

0
Hll
Phenylurethan, R= @-‘Nc— _
Vitamin D, Only



\ {4

- 25-Hydroxyisotachysterolj
Dihydrotachysterol 25-llydroxydihydrotachysterol3 y

HC
CH

HC

HC




»n
w

Isovitanin D3

25,26-Dihydroxyvitanin D3 la—ﬂydro:yvitanin D3

HC

CHOH | HC

HO™




. Stinpasteryol ' 7-Dehydrostipmasterol

CH,CH, CHCH,
HE o~ CH, HE_~\ cH,
. ;) CH, CH CHa
. CH,
- HO
Sikontaral 7-Dehydrositosteral
| CH,CH,
HC CH,
CH CH,
H
7-Nehydrocanpestarol
| § CH
HEC. ; CH, ¢Ha
Hac CH3
CH CH,
CH,
CH
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r-derroaterol , 7-Dehyilroepicholesterol

H, CH,

z*za'uih?"ﬂﬂfﬂpiterol 22,21-0xidoerzosterol

Lurdateral
CH,CH
H ey
3C 24 CH-.'
CH
CH

HO
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Brassieagterol Fuwroatercl

HCCH,

HE o~y CH,

CH G | CH,

CH,

HO HO

a3 +7-Yorelholestadiene-3-pl 3-lydroxy-43 s 7-gcloladientc acid

CH,

3,17-Dihydroxyandrostanediene

CH

CH

HO
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W,

Jdnkeguley TVelghts
¥itanin 32 A0g,F1
p-nitralenzoat: 445,78

1. 5-dinitrotenzoate 500,77

pl envlarethan 515,
allopliznate L2
Vitamiy Ij R4
v-nitrotenznate  533.77
3,5-dinitrobenzoate 570,75
allepliarates 370,77
Vitmmir (provitemdn} D, 300,65
1. h-dinltrolenznate ‘SFH.TE
Stf{rmastrrnl  A12.70
?-talwdrostirrasterel  417.R0
Taehyseeral 30R, OF
4 methyl-3 S5-dinitrotenzoate RCZVIR
Tikvdretechysternl 300,07
Lundgternl 200, CF
Pitepternl 414007
7-Debrvdroeltosteral 412,70
Topi-7 denydroclalestere? 304,65
T-Telydrocholaaternl 304,£5
rprogterol 306,00
gragsicactern]l 190,40
Cempesterol 400,08
I-Dehydrocampesternl 398,60
Pweosternl 412,90
Fplerposterol 39666
22 23 Nxddoerrosternl 412,66
22+ Thvdroerraosternl 398,15
J=Dehvdroclionasterol 412.77
¥-Deliydroapichalesterol 3R4.R2
l"?‘22wchnloatnfrinne-3-al 3B2.64
a3 7 xorcholestadiene-3-61 370,62
!-Hydrnxy~ﬁ5‘?-cholandienic acid 371.54
3. Y7-Mhydroxvanirostanadiens 207 A2
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25-Uydroxyvitamin D, 417.33 (5587)
25 Vydroxyvitamin ﬂ; 400 (4302)
1,05 Mhvdroxyel tamin n2 418,63

1, 25-Mevdroxyvitarin T, 416 (§302)

o 25-Nlydroxye! fanin ;2 428,57
o 25-Tihydrowyvicanin F3 R1E, 12
a5, Menibydronyvitamdn F& A16.F2
la- 'ydroxyvitarin PE 4N0LE2
8, f—irane-Vitamin FS 384,62

Tsevitamin Tj pHON A
Inut:ach}rsl:ern]3 3IT4,.65
25-—!1}.n:‘.1':1:||:«¢:.J'i:'5-:)t.nai::'hyst:#:‘rv.'::l.i 40C 05

. Svegificatiors

Vitanin L 1s specified in twoe ways: ;

(1} Tivaasay. the rveference gtandard heinr the bilnlopical activity
ghovn In rats hy 2,025 pp of Da..dafinnd ans one IL.
{2) Cherieal anelysia definin~ the raference standernd,

Hany sterols naturally ccourvipe in foadstuffs ave activatod by 1V of
appropriate wvavelencths, and the bticaseny dors not separate their activities
from that of sdded DE otT DE' tetlvation resulrr in metaholiam and the end-
producka are ore or wore hormones (see Section on Piochemical Aspoects) that the

bipmzsay does not identify. Biloaseay of foodatuffs to wvhich T, or T, knowm

cheriiepl evompounds, have been added speeifies only total activity, hiﬂwn as
Vitamin I activity (see Vomenclature).

Ywmercus compounds capalble of belny activated have heen listed elsevhere
In ¢hia Section. Complete infarmation on thim capability was not found, for
appaple, oo all eteroids or etercls occorring in feodatuffs or added to them
for other purposes,

thwiocuely, tests for total activity do not specify chemiezl purity, in
the caps of the vitaming . However, when D2 (] 4 BE can be isolated, for example
frop a chemically defined preparation, testm of identity are specifiad H395),

Vary .ecently the pure hormonal forme of several vitemins D have baen
isalated, synrhesized, and found capstle of beins aynthesized in large quantities,
aa hawe gynthetic compounde with direct D activity, However, no specifications
for apy of these substances as food additives were found,
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Specifications of D astivity have altered littls since they were reviewed
in 19M by Kelsom (4212), hAccording to him:
Bafore 1934 three different wits of D activity were usad in the U.S.A.:

(1) the Stmepbock Unic, (2) tha A.D.M.A. Unit, and (3) the Poulsson or Oslo
Wodt. In 193} the Aealth Orpanisstion of the Leaagus of Natioms adopted a
Britdsh unit based on a chemieslly defined quantity of D, as an Internstional
$empdard, axprasead as an International Tnit of activicy (IU). The I was
dafined as:

"The vitemin D activity of 1 milligram of the International
standard solution of irradistsd ergostervl, which has bheen
found equal to that of 0.02% microgram of crystalline vicamin D."

Conditimas of prepmration in a carrier, specified ss clive oil, and of
tepting were deacribed, ' :

The 1934 Interim Ravision of the USP adopted a specimen of cod liver oil
ap the "USP (Pharmacoposia) Raference Cod Liver 041" and defined the USP Unitc
of witawin D as:

"Bqual in sntirschitic potency far the rat, toc one Internatiomal
Unit of Vitemin D as dafined and adopted by the Confaremca of
Vitamin Stapndavde of the Parmsnmmt Cemmtesion on Biological
Standardization of ths Leagwe of Hations in June of 1931."

This issue of the USP also specified the conditions for raising the test
mimals, their numbers, age, weight limits, feading methods, linits of the
pavhod for producing vickets, duratiom of sasays, conduct of the line test,
ftg criteria, the data rsquired, md the methods of caleulation (4212).

By 1938 tha USP comtxined potancy standards for thres praparations:

Cod Liver 0d1l: "at lesat” 85 USF Units/g, or 312 USP Unite/tap.
Emuleion of Cod Liver 041: 50% of the potancy of Cod Liver 041, v/v

Emulation of Cod Liver 041l With Malt: 30X of the potency of Cod Liver
M1, viv.

These thres smmd no other preparations wers named in the Federal Food and
Pugs Act which vequived only that drugs should meet the poiencies claimed for
them (4212).
#nce 1934, cherefora, the formal spacification of the refearence standard
bae bean revised from 0.025 pg of “"crystalline vitamin D" to 0.025 »E nt’_DS.
ox dholacalcifercl.
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$ome tunufacturer apacifications for l:il2 and D.". as supplisd for fortification
pupwies and for formulation in vitamin supplemants are inclidad among the
dopmanta sttached to thia monograph G511, 4863).

"he USP? bioassay potency of synthetic 25-0-D, is reported as 55-60 IU/ug
&M}, the suthors noting that 1t was faster-ecting than the standard compound ,

“.. tion
Besvions A, B, and C, Physical Properties, Stability, snd Other Charac-

wWwiagies, are collected under aach compound in turn. Data are taken from
wopbopw authorities (0071, 0880, 1120, 5511},
Woms D, :
Priama from acetone (0071); white odorless crystals (1120).
mp 115-118". Sublimes in high vacuum 0.0008 mm without decompositiom,
Solubility: acstone 7° 6.95% /100 ml
organic solvents soluble
vegetsble olls slightly aoluble
water insoluble
¥ot precipitated by digitonin.
Stability: usffected by air and light.
crystals in svecuated avber smpuls &* - 9 months
nitrobenzolic esters in these swpuls at
room Cemperaturas = 5 yaars
in dry propylene glycol, therapsutic
concs., in msber screwcap bottles,
saalead in air, 38° = 53 montha
in corn oil, 38° ~ 30 montha
Potancy of crystale: &0 USP wnits/pg
Preparation: from srpostarol, in suitsble solvent, by UV irradiktion
(275-300 mu) or longar-wave slactron bombardment.
Absorption: max 364.5 n» in n-hexane.
specific EX* = 458.9 + 7.3

Optical rotations: [m]E‘:I in sleohol +102.5° l
(wee Tshle 5) chlorofors +539
petrolether +33.2"
athay +41,2*
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[u]%5 D.N3g/l ml acetone +82,6"°

{ajt}e in acetome +9R F*
Eaiggﬁ in alcohpl +11°9 to +122°
Mltn of Dz:
puttrobenzoate: Pale yollow crystals from alechol
mn g0-n9*
Optieal rotation: [als 0.95 g/l ml chloroforn  +104°
}Srvdinicrobenzoate: Yellow prisrs from alechol-chlaroform
nn 140-140°
‘mtical rotations: [u]%5 1.5 £/l ml acetone +20*
[ﬁlggﬁ in acetnne +1n2°
plwnylurethan: mp 122°
Optical rotatiom: [ﬂ];ﬂ in chlornform +40,2*
allophapnate: mp 104-115°
Mrefcal rocatien: [I::t'lij'r1 in etilorofarm +57, 4"

Vitanin D,:

[

Fine nroedlens from geetone

ep B4-05°

Sclubility: orpanic selvents salulle

vogetahle olls alishtly zoluble
wvarey practiecally fnsaluble

Hlot precipicated by digitonin

Stability:

Fotency:

oxidized and fnactivated by moist alr in a few days
crystals in evacuated arher ampula 4* - 1 year
td trobenzoic eater Iin theae ampuls
at reen temperatures - 5 yeats
in dry prapylene glycol, therapeutic
concg., In amher screwcap bottles,
secalad in air, IR* - 36 months
in corn »fl, 33" - 3% montk=s
At leaat as atahle ag 0, (0071): congldrrad more atahle
titan n2 {5511}, or "g;nerallv somevhat more gtable’ (09853,
Mo USF unif or one B im the activiey of N.NY5 up of vicamin
R, contained in the LSP Meferance Standard for vitamin 0,

Erl
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Pyeparation: (1) wesparatad from fish liver oils by chromatngraphy,
nolecular distillation, ssterification and
fractimmation of the eatars, stec.

(2) by IN irrasdiation of 7-dshydrochoclasterol.

Absorption: max. in aleshol or n-hexans 264.5 mm

specific Ei’m = §50-490
Optical rotations: [E]%u 1.6% w/v in scetona +84.8"
1.6% in chloroform +51.9*
Mgas spectrum, ses fig.2 (4302)
Sxley of D3:
poitrobenzoats: Light yellow prisms from acetome
np 127
Absorption: wmax. 261 nm
Optical rotations: [ﬂ:ﬂ 1.6X in acetone +116.4"
1.6% in chloroform +114.6°
V. 3~dinitrobansoacte: TYallow nesdles from acetons
ap 129"
dbsorption max. 265 nn
Optteal eotatton: (5120 1.6X 4n chloraform +100.0°
allophanate: Crystals from acatonme
wp 173-174"
Vicawtn D 4
mp 96-98" (originally thought to be 107-108°) (5511).
Bolubility: orgmic solvents sclwble axcept in petrolethar
vegetshle olls slightly soluble
witer practically iascluble

Not precipitated by digitonin

Praparation: from 12,23-dihydroergostaral by irradiacion with Mg-~arxc

1ight.

Absorption max. 265 na

Optieal rotatiom: [!:];a 9.4 ng/? ml acetons +89.3°

Sales of l}ﬁ:
3,5-dinitrcbensoate: wp 127-128°
Optical rotation: [a ]%a 9.1 ng/2 ul acetona +94.3%°
Tachysterol:
mg and physical states not glven
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Fig. la. Huclear magnetic resonanca spactra of synthetic
wnd Asolated 25-hydroxycholecalcifercl. HNHote that & = 0.58 ppm pesks are

dwa ™ tatramecthylailape internel standard. {0830)

R ekt
T .
44z

Fig. 1b. Hags spectrum of synthatic and isolated 25-hydroxycholecaleiferol.
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Solubility: orgmmic solveats soluble sxcept in mathanol
fats vary aolwbla
wAter insoalubla
Very sasily oxidizad by afr
Yot pracipitated by digitonin
Stability: not glven
Preparation: (1)} from argoaterol or lumistarel by OV irradiation
(2) from caleifercl by adsorption om acid clay
(3} from “precalcifercl"
Absorption max. 180 nm
Optical rotations: [)1® 24.6 mg/2 mg patrolather - 70¢
{oil solutions) [uluﬁ in petrolather - 86.3°
Sales of tachysterol:
d-mathyl-),5=-dinirrochansoate wmp 15%°; no other data
Dihydrotachysterol :
mp }25-127°
Solubility: orgsoic solveats sseily scolubla
Freparation: by reduction of tachysterel
Abgorpticn max. 242 nm
Optical rotatiom: [u]f.l2 in chloroform 497.5*

Liomistarol :
Heedlea from acatowms-methanol
wp 118°
Solubility: wost fat solvents wery soluble

water insolubla
Stability: forms a molacular compoumd with caleiferol, mp 122% '
Preparstion: by UV irradiation of a bemzesss-alechel solutiom orx
ergoaterol
Absorption sax. 255 and 280 om
Cptical rotations: {l:l]%9 in acetons +191.%"
[“]Hﬁ 2% in sceiome +235.4°
fialey of lumistarol:
acetare: mp 100°
Optical rotatiens: [a 11159 +13n.5*
[ﬂ]%ga 1,82 in acetsne +183*
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3,3-dinitrobeszoate: wp 139~141
Optical rotatiom Eu]:n“ 1X in bensena +24°
sllophanate: dec 217-218°
Optical rocatiom [ﬂ]n in chloroform +7%*
Stigmanterol;
wp 170
Specific votation -4&*, -49*, or -51" by diffavent suthors ({DO71)
7=-Dehydrosti gmantarol:
Crystals
wp 154°
Solubility: in fat solwvenca vory soluble
in water insoluble
Opticel rotationt [u}n in benszena -113.1"
fitostercl: no data wers foumd
7=-Dulhydrositostercl :
Platelets to athanol
mp lék-145%
Solubility: 4in moet fet solvents wary soluble
in water imgaluble
Stability: in air, browns on contact
Absorption max. in ethamol: 252, 271, 282, 293 nm
Optical rotaciont [u]il in chloroform -116"
Epi-7-dshydrocholessterol:
Crystals
e 124-126°
Solubility: in wmost fat selvents wery solublae '
watar insaluhle
Optical rotationt [n]n in <hlorofomm -71.%°
7-Dahydrocholasterol:
Crystala
mp 152-153*
Solubility: in soat fat solvents wery solwbls
vater iraclsbla
Precipitated by digieemin
Absorption max in sthyl sthay 280 nm
Optical rotation: [‘1::]:"\‘.‘t in chlorofom -1l}*
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Ergoaterol:
Saall white platas frow athamol

mp 168°
Solubility: irn ooet fat sclvents wary soluble

wvatar insnluble (mmd sea Table 3)
Stebility: to UV light dastroyed

to oxidining sgenits decomposes
Absorpeion max in ethyl ether 280 mm
Optical rotation: [u]n im chloroform ~130" (sea Tebls &)
22,.23-Mhydroergostarol ;
Solvated needles from sthyl acetate and ssthaaol

mp 152-153°
Solubilicy: in wost fat solvents wery solubls
wvater insoluble

Optical rotation: {u]%g ia chloveform ~104*
Srassicasterol:

op 148°

Specific rotation -64°
Campastarocl:

op 156°

Specific rotation -33°
T-Dehydrocanpeatarol: no data ware fownd
Pucosterol
mp 124"
Specific votations -39* and ~40° hy differemt smthers PO71)
Eplergosterol: no data wers found
22,23-0xidoergoaterol: no data wers found
22-Dihydroergosterol (sic): (interpreted ss 22,23-dihydrosrgostercl)
np 153°
Specific rotatiom -109* (0071}
7-Iahydrociionasterel:
my 138"
Specific rotation -98° {0071)
83722 gl entatriane-3-011 9o dats vere gtvem (0071)
47 '?-Hnrchulntndin-—]-ols no data were found
3,17-Dhydroxyandrostanedisne: no data were foand
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Table 3
Salubilician of Erpostarcl {5204)

A, Data from Tesnrot

Parts of solvant to

folvent Temnerature, *C disnsolve 1 part
Acetone 2 N
Acetone Roiling 32
Aleohel, G957 Cold 53¢
Alcohel, 95% Bolling 3n
"Benzine" 16 94
Chloroform 1g 5h
Chloroform Hot Few
Fther, anhydrous n 50
Ither, anhydrous Bodlinge 28
Cther, hydrated 2n 112
Cther, hydrated Bod ling 50
Water Innol,

E, Datz from Homoywall and Bills

Milliliters of bodline

Solvent Temperature, *C sclvant to dissolve 1 ¢.
Acatone 56 27
Alcohol, 96 78 5N
Denzene an &.6
Ether, U,5.F. 35 m
Ethyl acetate 77 6.5
Hexane 65=-71 24
Isopropyl alcohnl Bt - n
Hathanal RS 280
Hethyl acetate 54 35
Methyleyelohaxane 111 <2
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Tablo &

Optical Rotetion of TNrgneterol® (5204)

Solvent [“]ﬂﬂﬁl [\et]%.":I Ratio
Clilarofornm -158.5" ~125,25"° 1.27
Banzenc ~156.0"° -124.0° 1.26
Trliyl acetate -12n.n* - 95.n* 1,.2¢
Ether -120,6° - G5_1* 1.27
Alcoligl {abmoluta) ~119.n* - a3.a* 1.24
Acctone -118.n" - 61 n* 1,28

Averare valua of ratlo = 1,27

*Data frow Bacharach st al. on a commercial grade of arpostarol

Table 5

Mpiical Potation of Caleilernl® (3204)

Solvent [u];:ﬁl [a]%n Ratip
Aleotol (sbmoluta) +125.n* +106 ,23* 1.18
Ethy) acetate +113.25* + 95.4* 1.17
Lther +19% 5" + RR,75" 1.10
Banzane +112,12% + £7.3* 1.17
Acetone + 905" + #14,5" 1.10
n-tlexane + FE,5" + 5,25 1.1R
Chleruform + 61.75° + £2.258¢ 1,15

Average value of vatio = 1,19

*Datn from Bacharach &t al. on commereial lots of refined material
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25-Hydroxywitamin DZ:
amax in ecther 264 nm (587 )
25-Hydroxyvitenin 53:
A max 265 om (0630); nmr spectra, sea fig. 1 (0630):
for ma, see fig. 1 (0630) and 2 (4302),
1,25-Dihydvoxyvitamin D,: mne dats were found,
1,25-Dhydroxyvitanin B
for ne, see fig. 2 (4302),
la,25-Dihydroxyvitemin D,: mo date wara foumd.
1a,25-Dihydroxyvitsmin D.: ne data wars found.
25,26-Dibydroxyvitamin D
A max {n echanol 265 e (5586).
la=Hydroxyvitamin D,; _
A max 265 mm, w in 228 om (2688). .
§,6-trma-Vitamin D ne data warse foud, .
Iyevitamin D3:
Absorption max 278, 288, 300 am {2589).
maws apectrum, ses fig. 3.

3:

Isotachysterol:
Absorption max 280,290,302 nm in dlethylethar (2689).
mass spectrum, sex fig. 3,

25-Hydroxytachystercl: uo data wvere foumd.

VII. Analyt th
1, 1In 193% the USP staadardizsd the messursswnts for vitawin D sctivicy

(4212). In 1978 Melson (4212) remarked that bliomssays nseded only one wmicrogram
of pure D, and practical chesical assays wers limited to coloriwstry. He commanted
that since D wvas one of "the uvbiquitous stercls, the prebability of developing
color tests with a high degres of specificity seems rathar reaote."”

Prom time to time modffications of USP methods or naw mathods have bsen
proposed. Some axamples are givem.

2. 1In 1954 Iwing at al. (1722) described s two~step chromatographic method
of geparating vitamins 1) from A in momsaponifishls oil fracticws, usiag m
activated earth and an activated alumina. FElutad D was ssasured at 265 nm,
and data wers within 20I of thoas cbtained by bioasssy.
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IMYEMSATY

RELATIVE

- R CHOLECALCIFERQL

58

[En—18
251

Fip. 2.

1,25 -DIHYDRONYCHOLEC AL CIFEROL
{Mgsabolirte 43) [—181

Mags spectra of cholecalcifersl, 25-hydroxycholecalcifarol, and
1, 25-dihydroxycholecaleiferol. (4302)




Relative intensity
Tolal fonizsiisn (poreent)

Fig. 3. Mesm spectra of isovitsmin D, snd 1ntnnhynt-m13. (2689)

43



3. 1a 1955 Dwing et al. (1722 claimed sn improvesment in the sapaxation of
vitamine D, and A, This involwed two-etege Filtration (activated sarth, activated
alumina) followed by spectrophotomatry st 263 mm, tha ahsorption wmax of D,.

4. In 1955 Numerof gt al. (4329) weported that after Blile snd others had,
from 1931 ro 1947, eriticized the TSP lime test as too subjective for propar
asnay of D activity, Sayder, Elsnar and Bteapbock in 1951 claiwed accuracy for
an assay in which rats were prinad with ln. Wuserof ot 2l. found that the
p32 methad was supaxiotr to the line test but was reliabla within sexrrower limirs
than had been claimed. The suthora cossemted that biomssays for D sctivity
vexgined supsrior to physicchamical assays.

5. In 1956 Kodicek (3208) notsd in a revisav the following mthods of assay
for D:

Tha rat line test

The rat pmw Pn tent

The chick bone ash ﬂl“" tast

Adducts of D, with banzoquinows, by titration
Spactrophotometry

6. In 1959 a posthumous rsport by Melson, issued by the Coumeil on Poods and
Nutrition of the American Medical Assoeistion (4218), noted that D deteriorated
rapidly on mixturae with Ca salte, snd that s new coated formulatiem of D had been
claimad to resist the action of the Ca sales. Ths suthor retowssndsd that the
aituation be mmitoved by use of a new chamiesl determination of D activity,
published by Wilkie, Jones and Kline {J.Am.Pharm.A., Scient.Ed. 48:358-M94, 1938).

7. In 1961 Bro-REssmussen mnd Aiaréa (0751) reviewed the ssssys for D and
concluded that low-potency preparstions cowld not be purified enough for assay
by spectrophatemetry or colorimatry. Fowsvaer, Swaaley and Horaing in 1940
(reference cited) had separatad steroids by gas chromatography, amd this might
be applied to the D vitamine. In Norway, official assays were still limfted
ta bicassaya.

E. In 1965, noting thet the USP XVI Edicion had epecified for vitamin D
chemical assay, a blank that was read at 500 pm, Shue (5327) proposed that
veading at 550 nm would be more accurats, though not cowmpletsly accurate. He
stated that the calculations would rasd rtevision, but a simplifised proceduxs
would take samples of 5 pg contalaning 200 USP mmits.

9. 1In 1965 Pasalis and Bell (4451} veported thst vitemin D asters could be
saparated by thin-layer chromatography weing silica pel; the longar the chain,
and the higher the saturation, the greater wam the mobility.
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10. In 1966 Jomes and Eibby {2993) wodifisd tha Jonas assay for It in
avaporated milk, by adding to the column steps & third coluwm, of alumdnum oxide.

11. In 1968 Blunt snd Deluca (0630) synthesined cholasta~5,7-disne-2 ,25-diol
by two diffevsnt ssthode snd conwverted it to IE-HI-IIB. which was positively
idantified by UV spectrophotometry, gas~liquid partitiom chrematography, nmr
and high-rescluticn mass spasctra. Thelr uses of thase methods were fully
dascribed. )

12. In 1968 Osadce and DeRirtar (#398) noted that the UBP XVII Edition of
1965 sethod of D sssey grossly oversstizated the smounts of U in wulti-viteadn
preparations wvhen tocophernls wers present. The authors claimed that filtracion
through activated ssrth and alimina waa incomplets, and proposed a remowel of
tocepharols by column chromatography osing Mg phosphates.

13, In 1968 Brubacher {07B3) detatled the TSP XVI chemical assay for D, which
is cited here (to be resd in the original) hecause it is set out in an easily
resdabla format.

14, In 1969 Eizsee and DaVeies (1651) podified the Jones colorimetric sasay
for D (USPF Ed.XVI) by:

(1) eliminating "nearly all" cholastarel by digitonain precipitation;

(2) replacing the Flovex colume with sn aluming colwmn.

The authora claiwed recovery of D at 78 + 6 (SD) X.

15. In 1971 Norman st al. {(4302) reported the wass spectra of D,, 25-CE-D,,
and 1,25-(0H),-D,, shown in Fig. 2 , and described thetr methodology.

16. In 1973 Holick st al. (2688) demoustrared the identity of la-OR-Dj, a
synthetic snalog that thay had prapared from cholestarol, by its TV absorption
apactrum, mass gpectrum, and gae~liquid chromatogram.

17. In 1973 Yaog ef al. (6308) used young turkeys to biomssay 26 vitswin D,
supplements, using bone ash as a response criterion. Another study of 22
supplements used toe awsh. Growth, bone length, stremgth, rigidity, plasns
APsoe and P:l' all correlatad wall with the ash criterfon bur not with the USP
chemical asaay critericn.

The authors concluded that the USP cheadcal assay sassured biologically
ioactive forns of D as well as active forms, sud that bona ash gave "the greateat
assey preacision.,”

18, In 1974 Brumbaugh ¢t al., (0812, 0813) developad a competitiva protein
binding assay for 1u.25-(¢ll}2-113 in human serum, wing tissues leolated from
chick wmall intastine.
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VIiII. Occurrence
1. In 1938 Neluon (4212) etated that there was "no proof” that living plant

tissues contained D, alrhough sows desd cissces such us hay ceuwld aoquire D
activity by solar irradiatica. ¥Natural sewvces were limited to saimal foods
such as fish, eags, snd wilk, snd only milk nesd be considered seriously.

2. Tla 1940 Warksny sad Ngbon (6108) stwiiad the vitamin D contents of
human serur samples, uming the line test in rats and a fector of 3.3 to convert
Steapbock wnits fnte USP wnits., From 155 samples thay obtained 89 "complete”
assays, Y0 from White adults, 34 from Whits children, and 25 from Negro
children, The findings sre shown in Tabls 6. The authors found no seasonal

variations.

Table 6

Frequancy Distridution of Fereoca According to
Lavals of Vitawta D im Kleod BSerum (6108)

U.5,F, Dnica
par 100 CC, Total ¥ea. Whice ihita Heagro
of Blood Sarum Testad Adults Children Children
165 9 2 [ 1
132 27 10 11 6
110 kH 14 10 7
34 B 2 & 2
83 13 1 3 9
66 1 1 ] 0
Total 8% K 4] 34 25
Average vitamin D level,
units per 100 ce 116.4 117.6 122,68 106.5

The results were comparsed with D levels in other msterisls: c¢od liver oil
10,000-15,000 USP wunita/100 g, egg yelk lé0-39C {saasscnal}, butter 120,
oemsalian Hver 10-50, md cows' milk 0.5-4.0 USF units/100 nl {ssasonal).

The suthors compented thst the overall sverage sarum value from their
teata was 110 USP wmits/100 ml, range 66-165 consideved normal, and that che
values in White children wers 15X shove thosa in Hegro children.

4. In 1954 Sebrell and Harrie (5204) ltstad tha then known occurtemea of
the provitmmins D in plants snd animals (Table 7), ths dstributice of vitamin
D in fish liver oils (Tablse 8), various measures of the potemcy of vitamin D
in eod liver oil (Tsble 10), and the cvccurranca of steroids relatsd to vitamin
D in shellfisgh (Table 9).

46



*ahle 7

Oreurrence of the Provitamdna T odn Plants and ardrala® (5209

—_—

Source

TProvitamin N, parts per
thounand af total sterol

Pharero-ams

Cottonaced ofl
Ilve psraem
fcopolis root
Spinach

Vhaat perm nil
Cockaefoot rrase
tlorse chestnut
Futabaga
{arrot

Tean

Calhare

Cryptarams

Yiold, Aspergillue nigar
Mushroor. Cortinellue shidiate
Trpat . Clapisers purpuren

‘eapt | Sacolpomtices carenisice
"nld  Fenteilitum pubarulum
$ran . geaveed . Fuews peoiomnlosus

28%
15
14
tn
1Nk
A

b=l e
% - Tt B - |

100

L it

af¥
RGN

el 1)
n.n

VYartehrates

ghin.
Sl'in.
®in,
31 1in,
Stin.
S'in,
Zkin.
Skin,
Skin,
Skin,
5lin,
Skin .
Liver.
Liver
Liver.
Liver
Liver,
Liver.
Liver .
Liver
Liver
Rrain,
Erain,
Brain,
Erain.
Rrain,

rig
chiicken feet
rat
wild pie
TOUEBR
calf
tugan adult
humen Infant
cow
deer
eel
chiclen trunk
tyna. Japanese
cod  Arlartic
eharl
tuna
pl=
cod. Japaneas
halibut
tuna. bluefin
whale
rabhit
lumpfiah
tuman fetus
ghesp
LeRT
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Tahle 7 (comt.)

Frevitmmis D, parts per

faurce thouswnd &f total sternl
Vertebrates - cont.

Brain, homan infant fl, 20%

Erair, horee 3.1%9

Frain, cow 4.13»

Brain, human adult 0. Db

Fags, duck. Chineme Gk

Epgs, duck, Dutch 13

Egge, cod (roe) 5,

Bgge, herrving {roe)
Egps, hen

Fpga. cormotant
Fegs, mire c¢row
Fgee, silver gull
Fres, lumpfish (roe}
Pady of frop

Yrnom of toad

Ponl fat, shaeep
Milk. ceow

Placenta. cow
Pancreas, leef
Rlood serum, gow
Spinal cord. beef
Mice rputted carcaseenr
ColostTum, cow
Thymus, cow

Rlle. ox

Ferrinpe oil

Spleen cow

1ilt, herring
Yeart, calf

Lymph, Jop

»

Ped [ wll ud 2 i Fop Al W] 2Dl RO AW TR W D T D D B

*

]

- L]

-

-

-

LS R T~ i R R

It

-

= Tn W T T Tl e B T - T W R W R PR T T R R ]

Rats, rutted cercasses L3N
Gtallsrorea, man L 25k
Lune, calf + 25
Hlood, dor AN
Sclerotic aprtas, man 1)
Invertebrotes
Poriferens
Commercial mpecies of spmegas 2n
Cliong celatq, sponpe <1n
Srhecioapongia vesparia, lepserhssd sponse <10
Ralyelondria pemicea, aponge f.
Coelenterates
Maiwidtum dionthus, sea clowe bl
Actincloba dianthua, eea anemone , LY
Aotinia equing, sea Anemone 5n
Iirtioing ergaaiocornis, mea anemonr 4%
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Tahle 7 {comt.)

Provitemin . parta per

Source thousand of tatal aterpl
Invertebrates — cont.
Pannatula quadrargularis, asa pen 47
Aleyontum digitalum, sea finzer 34
Anemonta culeatz, sez anemonc 17
Comrercial species of ecorals |
Anatralian specler nf rea aneranes a
Unldentified specles of sea anemores trace
I'pyozoan
Flugtra pecurirora, sen mat fh%
Arnelilds
Tulifer (Sp.), warorworm 21n%
Lol vieus torvasiris, corthorn 170%
Arevicela maring, lupvorm, sandvorm Enw
Hirude medicinalia, Jeech 0%
iapair virius, rarwarm A1
Arttropods
Fonslrio molditsr, mealwors 120
lelolontha vulgarie, cockehafer eruts nn
Gyronorus (Sp.), prat (:
Duiligons mamginalia, diving beetle 40
Caraneiue mopogur, lecust erps 25
Aleuroliug farinae, meal nmite a8
Frioahkeir sinensie, wool hand crab L
Flatta erientalis, cockronch 21
‘Vieferepinnervaupe, pilne caterpillar 20
Camitharie veatoatoria, sparish fly 22
Cianeer pagurua, common crah A5%
Bomlyx mors, silkworm eops Ao
Darfbmnia {fp.). waterflea T.5
Auaca domestiea, housefly 7.0
Melofontha vulaoris, cockehafer, “Yay Feetle R0
Apis melliffea, honevbee 4.5
Crangon vulgaris. shrimp 3.0%
hnida barffiog. erustacesn 1.5
Homoarud pulgaris, lobster 2.5
“olluske
Yodiolus dertesus, ribbed musael 170k
Arion ompiricorer, slup. red reoal! erail el 11
Sucoimem wncatm, whelk, wave horn enail TRMNK
Littoping Iittoreg, periwinkle 170%
Archidoris tuberculata, ses Bnail 157
Pstraea {fp.), Australian ovster 130
Arion (Sp.}. bdlack rood enail 12n
Mytilus edulis, see mussel 1w
Belix pomatia, edible snail, vineyard enail Q7 &
Anodmta eygnea, swvan musae) a0
Jetraa virginton, oveter an
Feoten (5p.), Australien acallep 65
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Tabkle 7 (cont,)

Provitamin D, parts per

REoupes thousand of total aterol
Invertebraten ~ cont. )

Mytilue planulatua, Auatralian muszsel i3t
Cardiwm edule, cockle. mand whell 50%
Capdiwm tenmioostatum, Australian cockle 41
Oatrea edulis, oyster 34%
Limar aqorestis, earth anail 32

Sepia (S5p.). cuttlefish, sgquid 12%

Eohinodarma

dotropeoien irvegularie, llttle sea aster 4,5
Asterigs wmbens, starfish, hip sea aster i.4

8paca from Vindaus, Gillam and Yellbreon, wan der¥liet. and others. Fipures
marked {*) are the average aof two or more determinatiora.
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Tatle *

rstritutien of Yitarine T and * In the Liver 0dlm of 17 Species of Tish® {5204

Titamin T ¥Yitamin A,

1%

Common neme of fish gclent{fic name Toolorical ordor TV _f=r .U e
Oriental tunak hovue orientalio Paroomgrphi &5 £R0 170, pop
Frigate mackerel* Auzte thazard Percormornhi L& onn an ane
California bluefin tuma* Trunrue saliens Tercomnrnhi L2 £5, 000
Striped tuna* Kotmaoonue pelaora Percomorohi &2 Onn 35,000
Yol tunak Fowprtinoroeue afhd Percomornhi W@, A LR
Bonito* Smda lineclata Percomoynhi 15,000 57,000
Yellewtail# Seriola doraalisz Parcomorphi 5,000 7 £7 . 000
Red snapper Lutignus ogrmechous Percomornhi 22 non 1, non
Alsntic runa Thiomus semmdodoranlie Fercomornhi A DN N, onn
Albacore® Thrnus germo Perenmorvhi 13.%m 12,00n
Yellowfin tuna* Xeotinmrans masronters Tercomorphi 17.non 35,000
White ses-basst Cymoscion nobilis Percamorphi I1.°00 92 ,00n
Jewfigh# Stergolepie gigas Percomornhi 9,080 500, 000
Ishinapi# Stameolapris iebinagi Pexcomnrphl 7. 000 S nnn
Swordf ish Yiphius gladiue Pareomorihi 7.000 130,000
Black perch Brtiotoca jockeont fnleono:i 7,00 £,0mM
Broadfin sole Lepidopaetta Miltneats listeroromats £.8900 13,000
Orientsl mackarel* Seomber japomious Percomornhi £.300 50,000
Corsair rockfigh Salaatormup roeaCCHE Catanhractd 5.Aann 75,0700
“ackerel sacads Decapturue muroadnt Perco- arnhi 5 RO 5,900
Grouper Epinephelus morio Percomornhi 4 enn 24 N0
Rarracudax Enhypeena araoenton Fercemornhi & ndn #7 ,nen
Starry rockfish Sabactorus ooratellotus Catanhracei &, 50N 9, 00N
Yellowrail roclfish Selastosornes flavidus Cataphract] A ANN P2, 000
Fed rockfish Fogicola miniatus Cataphroer! 7L RAN Y& AN
Totumva* Eriraion moedoralci Percomarphit 7. 8500 100 ann
Jack smelt Atherinoreiz eals formiensin Perormornhi 2 400 nE ., Arn
Spearfish* lalairg mitanturss Parcomorn’i AN 130 non
Baatard halibut® Papglichthms ealifornicus Leterosmata O L £19 ran
Sapdine {pilchard} Sardinia oacrulea Isosnrmdyle LAl 1E NN
Pockfish - - - " Pterorodun verilloriz - fatanbracts AL THC OAC
Eed Tockfish Setastoour mulernirus ratar:racty I Ly 10 fnn
Snoel:® Thurigtes atun Porcomarnhi Al Ly i T
Bocaccio Sebastodes nouelaninie Cataniwraerd 1300 77, 000
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Tahle & {econt.)

Vitarin », Vicamin A,
fowmon nasm of fish Relentific name Yonlorical order 1.U./n 1.8./g
Tallowhacked rockfiash Pteropodus mliger Cataphiracti 1,800 3200
Parific hake Meriluooiue productus Anscmthini 1,500 50,000
Black rockfiah Sebantogomus mystinus Cataphracri 1,500 17,13
China rockfish Pteropodus nebulosun Cataphracci 1,400 110,000
Fripge sole Paotiiohthnl melomostiotus lieterosomata 1,400 19,000
Halibut* Birpoglogsus Aivnooloscusz Heterogo-ata 1,2M) 75.000
Shad Alosa sapidiaaima Iseanandvld 1,20 17,700
Stripad bass Rooous sacutilis Percornorvhi 1,20 4,500
Oramge Tockfish Reoetecola pinniger Cataphracti 1,170 B6 7N
Green apatted rockfish Sabaetomus chlorestictus Catarhracti 1.1n0 &7 ,™M0
Rockfish Acartomeniwm entomelas Catarhract) 1,109 8,000
Wall-eyed perch Hyparprospon arganteus Holconoti 1,100 3,519
Rabbitfish Cyelichthyl sclhaepfi (7) Plectonathl 1,190 2,200
Starry flounder Platichthys stellatus Fetercosomata 1,m00 R,29n
Striped rockiish Hiapamiaous alomgatus Csataphracti a9 74,000
Aln ame Hezagrommoc otalati Cataphracti o5n 3,9nn
Ling cod* Ophiodon elongatus Cataphractl 929 160,000
Striped perch Tasniotoog latemlie Holconeti 90 4,300
Rubberlip perch Rhacoenilus tavotes Holconoti arH) 3,300
Epckfiah, bhlack bass Sebastosomue melmors Cataphracti 830 &n_0nn
Spanish flag rockfish Bigpaniacus mbrivinelus Cataphracci g1n 32,900
Boston mackerel Saomber scombmus Perconnrohi 750 31,000
California mackerel® Pamematophoms diego Percomorphi 730 45,000
Pufferfish Sphaeroides maculatus Tleetonathi 57 1,500
Cabezon Soarpaenichithyl momoratus Catarhracei 530 16,000
Round-nose sole* Eopaetta jordani Heterosomata 529 76,000
Kibo Seioeng mitmilkurii Percomorphi 5 5,400
Pacific white perch Fhemevodon furoatus Holeenorl 460 6,400
Fork-tall pexch Damatiohthys argymosoms Holconoti &10 2,100
Black cod* Anoplopema fimbria Cataphracti 310 42,000
thili-pepper Sebaatodes goodel Cataphracti 2m 15n,000
Cabrilla* Epinephelus analonqus Percomornhi 260 160100
Newfoundland turbot Retnhardtiua hippoalosseoidec Heterosomats - 260 - T4D00
Pacific cod* Gadus macrocephalus Anacanthini 199 4,800
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Tahle B (cont.)

Yeapda N, Pitandn A
Common name of Fish Ralentifia nawe Poolorieal order I.0.r I.0.7e

Atlantric salmon Saimo salar Tanapondwll 1RO 127 ,0hn
Rock zod Sebastolodun alaccomus Catarhracti 150 & 400
Rex sole Errer zachirus Netrrosomata 14n &,mm
Pointed sole Paprorhrya vetulus ‘eteTosomata 140 &,100
Soulpin Seorpaent quttata Catanhractl] 140 3,090
Sand dab Cithariontnus sordida Heterosonata 129 1,7
Atlsmtic hake* Uromhyais (5p.} Moseanthind 120 2,300
California turbot Pleuwromichthys demerrens Hetarpsomata 110 8,200
Henuke* Sebaptodes boremermile Cataphracti 10N 120,000
Atlantic cod* Gadus morrhuia Apacanthind 1nn 1,570
Yellow sole Preudopleuronectes dimobilis fleterosomata 87 17,000
Widowfish Acrlomentum ovale Catarhracti 52 73,000
Tinketr mackerel Prewrsaicphoms orex Percomornhi 77 a.,3m
Atlantic pollack# FPollashius virens Anseanthini 7 2,300
Parific pollack* Theragra cialoograomwy: Anacamthini 67 B,30n
Sheepahead Fimelomatonon pulsier Pharyneoenathl A2 6 ,60NN
Califormia Flyinr fisgh Cypee lurs califormtous Syventarnathi 51 35,000
Corbina Yantigtrphue unculatus Percemo whi 51 11,000
Rosafigh® Sebastes myrinus Catanhracti 33 26,900
Common skate of California Raja {nomnaia Batoidet 25 5,800
sbura karei Aippoglessoides dubiua Feterasomata 25 5,1N0
Big skate of Californiak Raja binoculata Batoldel 24 4,100
Kiehijd Sabastolobus masrochip Catanhractt 22 4,000
Holffish narhichas Lumus Jusylares 10 1,390
Pacific dogfish¥ Squalue suckilewt Tectagrondyld 13 13 0o
Same karel Clidoderma asparrimen Hetaroromata 12 4,990
Thresher shark Alonias vulpinus Tuselnachit o 2,400
Basking slLark Catorhinus maxirmom Tuselachli k <17
Atlantic dogfish Squaiun gomthiagse Tectospondyli 3 1,70n
Batfish Hudrolagun colliet Chimneroidei 2 1an
Gray sole Glyptoeephalue aynoglossus Heteroaomata <2 8,9m
Sturgeon Aoripenser fulvescens Glaniostoml <1 600

“From Btlls et al. vith revisions; nomenclature from Jordar et al. wherever possihle. The specles
marl:ed {*) are represented by more than ome assay,
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Table 0

Sterola of Mollusks (Berrmann} (5204)

Malting point of

Class and specics steryl acetate, “C Principal steral

Peleeypada

Papes phillippinamom 157

Combiaula leana 126-127 Corbi-, braasicasterol

Cmatgria plicala 137-138

Heratyiz meretriz 137-138 Meretristerol

Ouirea gigas 136-137 Conchasterol

Cetrea virqiniea 134-135 Ostreastercl

Mya aranarig 131

Valaelia modiolus 127-128

Teldaona g7 yas 156157 Shalesterol

Vemw moroenaria 131

Modafug modiolus 131

Modkolus demissus 156157 Brassicastarol
Gan trapada

taldatic gipamlon 117 Chalasterol

Nabo oormutua 11F Cholesterol

Rapana thomasiona 12n Chnlezternl

Cellana nigrolineata 115 Cholesterol

Tagula xwnthootigma 1R Cholesterol

Pl (Sp.) 117 Chrlesteral

Byoctnun wdoium Choleateral

Littarira littorea Cholesteral

Nariva pe leronta Cholesterol

Nomga clgolota Chaleaterol
Cephalaonoda

Sapta offirinalia Cholesterol

Gakgpue wvulgaria Cholesaterol

Tahle 1N

Vitamin 0 Content of Averasa Cod Liver 041 in Termz of Varioua
Systems of Unite. (Adapted from Bills} (5204)

Lnit system Potency
Inteynational, since 1231 (see text) 10 units/e
U.8.P., since 1934 (mee text) N0 pnits/fe
Madical Resenrch Council, 1930 17 unitafce
Scapmbock, 1930 37 units/p
Marieap Prug Manufacturers' Aassociation, 1931 370 unfte/p
Oslo, 1928 (Poulsson and Lavemsiiold) 117 unitsfe"
Oslo, 1933 (Poulseon and Ender) 160 unies /g
GCatmenn, 193% {(rat unic) 15 unice/ce
Geaxman (clinical unmirc) .15 mi5ifec
Amarican !adical Asmociation, 1931 2.2 "D notency

‘Vngualy definad.
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3. 1In 1961 Bro-Rssmussen and Hjarde (0751} cited the following calculations

of rates of D synthesis in the skin, induced by UV:

a, In pigs, approximately 30-100 .'I:U!n:z {(Bekemeler and Pfenningsdort,
Z. Physiol. Chew, 314:120, 1959.)

b. In rats, 5-15 ‘l:llh':llz (Bekemsier and Pfonningadorf, Z. Physiol. Chenm.
314:120, 1959.)

¢, In man, 418 IUh:nz in 3 hours (Bekemeier, Acta Blol. Mad., 1:756-757,
19559.)

d. About 15-30% of the provitawin present was activatad, according to
Bakemeier and Pfonningadorf, in the rafersnce sbowe cited.

#. In rats after removal of the fur, OV produced about 290 IU of D
activity, aceording to Cruikshawmk and Kodicek, in Proc. Nutr. Soc.
Liivwiii, 1955,

6. Using the Bekemelier vate (1958, in 0751 above) Loomis calculated in 1967
{3575) that 20 cmz of mn infant's cheeks would synthesize sbout 400 IV per day
by duily exposure outdoors.

He cited work by M.L. Thomson (J. Physiol, Lond, 127:23f, 1955) showing
that sunshine of 300-400 mm (290-320 nm being photusynthetic for D) penatrated
the isclated stratum covneum in differeat amoumts for Europasns and Africans.

In Africans 18 (3-36) percent of the light penetrated the specimens, in Furopeans
64 (53-72) percent. In sn slbino African 53% peneatrated. Loomis calculated
that in tha tropics a Furepean could synthesize up to 200,000 IU/day, but ‘a
dewply pigmented African 4,000-8,000 IU/dey. In hie opinion the latter range
was accaptable, the former pathogenic. Yo contended that subsequent controversy
did oot invalidate his caleulations (3576).

7. In 1969 Ponclion and Deluca (4603) {nfected 10 IO of 1,2-33-1:3 ince
D—deficient ratz and imolated elevan rad{oactive metsbolites. Ome, 23-DH-D3,

had '"intense" antireachitic aceivity, and thé others wera not f{dentifiasd,.
The feonityobsnzoate, 3,5-~dinitrobenzoate, phenylurethan, allophanate and

other listed salts of the D vitswins are lshoratory preparations of natural
axtxacts (5511).

&, In 1972 Altman and Dittmer (ng7]) documanted the occurrences of a numher
of naturally occurring sterols:
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Stigmasterol Animmls in general, rat adrenals, echinoderms,
ant pharjugesl glande, earthworms, mollusks,
protosos, bresst cancera, faces, plants in general,
E. ooli, tobacco, harbs, spices, bark, flowers,
leaves, pollen, roots, seeds, tubers, wood, vegetable
olls, md Mycota.

7=-Dahydroatipgmastetol Tumicatas, shellfiah, protesoa, philodendrons.

T=-Dahydrocholastercl Himan brasst cancer, rats and their organs, swine
skin, crustaceans, crickets, annelids, mollusks,
protexcs, amniotic fluid, meconium, wernlx camecsa,

facen,

Fegosterol Starfish, esvthworss, sneils, protogca, schizomycetes,
algas, sycota, molds, yeasts, basidiomycetes, mycelium.

22,23-Dihydroargosterol Protosos, chlerophyta, mycota, phycomycetes, Claviceps,
basldionyceten.

Brassicastercl Fiah, shéelifish, echinoderms, cruatacesns, earth-

works, #llus.s, coslenterates, protozoa, phaeophyts,
rthodophyta, brassicacese (cruciferas} radish seeds,
whaat, rapesead ofl, vegetable olls,

Campasterol Animals in general, rat adrenala, echinodarms,
insscts, sarthworma, wolluwks, breast cancer, feces,
plankton, plants in general, E. ooli, mycota,
tobacca, hark, corms, fruits, grain, leaves, pellen,
roots, seeds, tubers, wood, vegetable oils.

Tucostarol Echinoderms , molluska, phaeophyta, rhodephyta,
phycomycetes, ferns, paa leaves, coconuts, pollen,

517522 giolestatriene-3-01  Shellfish

9. In 1974 Wasserman (§122) imolated a factor from Solanm malacoxylon,
from Argentina, thet was potent for activity similar to that of 1,25-(0H),- 5Dy
in cattle and chicks; he clsimed that this wvaa the Firat auch factor isolated
from a plant. Since it was water-soluble, the author concluded that the factor
was wnlikely to be a sterol; it was not vet characterizad.

10, In 1974 Brumbaugh «t al. (0812, 0813) developed a competitive protein
binding asssy for 1 .25-[0![)2-113, using tissue from imolated chick pmall inteatine,
and calculated that normal human servm contailned approximately 6 ng/100 ml of

ctha hormonal form of DB'
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BIOLOGICAL DATA

I. Mtn Toxicicy

With vitamin D substances lathal toxieiry is not alwaye imsediate. Seme
lathal toxicity data are therefore summarized hare from studies raportad in
detatl]l wnder short-term toxicitcy.

A, Wee

Sshashi et al. (4990 determined the "'Dm of 1.p. D, gulfate in mice
(20 g} to be 2,500,000 IV/kg WW. The suthors noted that the death rate for
this gompound was much loway than for free Dz. (Toxicity data for the ammonium
and sodius ealts of D, sulfate are shown in Table 11.)

B. Rate

1. Harris et al. (2438 fed rats 50,000 USP units/rat/day of aither
irrasdiated srgostarcl or tuna liver ofl, All lost weight and died between
17-3) days of feeding. (For experimental details see Biolegical Data II.)

2. MeChemney (3521) found the equivalent toxic domes for rata (3N0-600 g)
administared Dy, Dy oF dihydrotachysterol in corn oil by mtomach tuhe to he
reapactively, 3.60 mp/kefday, 2,30 mg/kg/day, and 1,500 mg/kg/day. These were
calenlintad from the experimsntal data using & median 20-day survival time,
(For saxpevimental details gee Biological Data II.)

C. Babbics

1. Haas st al. (249%) administered 100,000 unita viosterol bi-weekly for
more then threes weeks to male albine rabbits. Death occurred within about six
wasks following anorexia and loss of weight. (For experimental detzils mee
Bological Data IT1.)

2., Matsuda and Eato (3770} administared s.c. I‘.iz daily to three groups of
f4iva xabbits each for thras consacutive day= in dosesm of ADD,DON IV kg,
100,000 YG/kg, and 10,000 TU/kg, respectively. Death occurrad five to seven
days after injection following mnorexia and weight loss, {For experimencal
details sae Bioclogical Data II.)

). Priedmsn and Robarts {(1947) gave thrae groups of five adule female
tabbits 1i.m. injections of 2.5, 3.5, and 4.5 million witn (total amount) of
agtiveted axgosterol in cottonseed oll. All died within 65 days of their
first lujection,
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Table 11
Toxieity of Vitamin D, Sulfate in Mice (4990)

D Death rate Death rate
Hareptal Injected dose”’" after 24 hr®  after 48 hr®
i 1#!311!{“ vicamin Dzj

2 0/10 0/10

4 0/10 0/10

6 0/10 ¢/10

12 0/10 0/10

Mmmouiom vitsin D, sulfste 30 0/10 0/10

4D o/ O 0/10

45 4/10 6/10

50 /10 10/10

0/10 0/10

0/1¢ 0/10

/10 0/1¢

12 0/10 0/10

Sodium vitamin D, mlfate 30 0f10 0f10

40 0/10 0/10

45 4/10 6/10

50 6/10 10/10

a2 Tha mumbar of the desd I:l.l:lfﬂ'ﬁl..““hll‘ of mice used,

b Tha dose par 20 g of the body welght of the mice.
c  ¥mgh volume infected per head weas 0.5 nl of saline solutiom.
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D. Dogs

1. Taylor at al. (5714) foumd & minimnm lethal dose for irradisted
srgoatarol given to an mdult female dog (16 kg) to be sbout 5.00 cc in five
deys. Daath occurred on the fifth day. Tha average daily dose for the
period waun 0,068 cc/kg,

Another dog, a healthy male (30 1bs.) died after 84 hours when
adminiatered 0.15 cc/kg daily, The serum calcium before death wans elevatad
to 19 mg per 100 cc, On the day following the firat dome the animal hecame
dapresssd, weak, and lethargic with reduced muscular tone. This was followed
by diarrhea snd vomicing with blood.

2. Taylor and Weld (5713} gave a young collie (3-4 months, 4 kg) 1 ec
irradiated erzostercl per os followed three days later by 2 cc. Within a few
hours thera was extrewe weakness and vomiting. Death occurred within 68 houps.
The mucose and satomach showed an extremely intense reaction.,

Four young pups (2 monthz 0ld) were piven 0.5, 0.4, 0.3, 0.2 ec frradiatad
argostercl per om on two successive deye. The results are shown in Table 12.

3. Steck et al. (5512) gave sdult dogs activated ergosterel in corn oil
or calcifercl in corn oil per os, 1,000,000 umits per g. Some received the
aewe materiale i.v. in daily doses ranging from 15,000 te 500,000 units kg BW.
Moxe then 20,000 units/kg/day was found to be fatal to 35 out of 43 animals.

B, Hmans

1. Debré {1344) reported two fatal {nfant casem, one at 20 months
adninjatersd 11,200,000 unics I!i2 end the other at 16 months admintaterad
18,200,000 unitna Dy

2, DeWind (1466) reported the case of a 5.5 year-old boy who had
irgastad large quantities of D (exact smount not atated) for ona year causing
a4 tevarsible increase in bone density, severe calcinosis and renal f£gilure.

3. In 1966 Henkin reported at a sywposium (0161, 2550) 2 cmae of a
fenale agad 34, who died after receiving 100,000,000 X0 D per os and i.m. over
3.3 wmths for D-rasistant osteomalacia, resulting in serum levels of over:
3500 IY/160 ml D and 20.4 mg/100 ml Ca, and = meries of grand mal seizures.
Paritonenl dialysis removed 27,000 IU D, reducing the serum levela to
1350 /100 vl wich clinical improvemant, and a second dialysis removed
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Tabkle 12
Fffect of Two Large Doses of Irradiated Ergosterol (5512)

Vioaterol

Number of Caleulated doase Calenlated dome (250 B

days after Totzl dose per days per kile equivalent
Pup Welight first dose {10,000 X) cotal dowes per day per kilo per
Ko, in kilos. til]l death. in e.e. daya of syrvival. in ec.e. day in c.c. X T*
110 1.46 7.5 1.0 0.13 0.08 B.0 66
111 1.39 8 0.8 0.14 0,07 7.0 58
112 0.91 5 0.6 0.1z .13 13.0 108
113 1.6 ;] 0.4 .05 0.03 3.0 25

Th = pavimal therspeutic dose.



39,000 IU, but BUN conticued to rise to 150 mg/100 ml, and she died. Removal
of vwiemmin D failed on this occasion to influence the szotemia,

11. Sheyt-Tarm Studies

A

In Vitro

In 1069 Eisenstein st al,{(1650) studied the effecta of sera of various
compoatitions on rat arterial segments in vitre, imolated from general hody

watsboliom. The Tat arterial segments were Incubated In several categoriees

of TRt serum:

a-
h.
=]
d-
..
f.

from vata with hypervitaminosin D

from rachicic rate

from normal rats

from normal vats with added vicemin D

from normal rate with sdded caleium

from notmal Tats with both vitamin D and caleium added

It was cbeerved that:

L0

B.
5.

Serum from hyparvitaminotic animals or normal sera enyiched with bath
vitanin D and caleiue induced increased accumulation by the arteries
a8 early as 48 houra after incubation wams started.

The amount of caleification was greatest in segments incubated in
serum from hypervitaminotic D ratm snd the least in segmenta ilacybated
in serum from yachitie rats.

Addition of elther vitamin D or caleium alone to normal serum did not
result in excess calcium accurulation in the incubated arteries.

The arteries showed a similar sequence of caleification in vitro and
in vivo. Calcification began in the acortic arch, spreading centrifugally.
The caleification waw localized in the elastic tiwsue, the amount of
alastic tizsue in the artery paralleling the amount of calcium
accomulation,

Rata

¥n 1929 Light et al,( 3529 studied the effects of overdosage of rats

for four weeks with 40 to 100,000 times the daily curative dose of the newly
disgovered trradiated ergosterol, later to be known as provitamin D,. Four

14ttaras of mix ratas were divided inte aix groupsm of four rats each.
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Four groups were feod mtock diet and 40, 50, 1040, or 100,040 times the
curative dose of Dz. Two groups were fed the Steenbock diet (Table 1 ) and
50 or 100,040 times the curstive dose of Dz. ¥Yood offered, food not eaten,
urine, feces, and bone were ashed, and serum Ca and P ware determined.

This study and sthers citad ir the paper or referred to as in progress
led the authors to conclude that:

a. Dcsea up to 10,000 times the curative dose daily for eix months did

not notlemabliy affect growth or bodily functions of white racs,

b. Excespive amounts of D drained the body of minerals, wdith P losses

realatively greater than Ca losses,

c. Doses of 100,000 times the daily curative dose produced anorexia,

emaclation, greasy hair, labored beeathing, and eventually death.
Deaths oceurted during the fourth week of the expetiment.

2. Inm 1932, the Mead Johnsom Symposium on The Present Status of the
FEoowledge of Vitawing (1064) reported experiments carried out by Light, Miller,
and Frey of the Fleischmann Laboratories who studied rats for four generations
fed the Steenbock diet 2965 and 40 units of D daily. They found no harmful
affeacts in the first three generatione. The fourth generation however, was
wore sensitive te overdogage rthan controls, and the harmful =ffects of larper
dmily desam which were just noticeakle in the first gemeration were marked in
the fourth. The suthors concluded that smsller doaes, just on the verge of
toxicity in cthe first generation, may produce a cumulative effect in the third
or fourth.

3. In 1939 Harris st al, (2438) determined the patholagical effects of
large gquantities of vitsein D in the form of {rradiated ergostersl or tuna
1iver oil and compared the realative toxicities of thase two D spources to rate,

Four series of feeding experiments were carried out with month-old Wistar
strain albinc rats as followm:

Earies 1: In this experiment the vitamin supple=ents were mixed with the
diet. Two groups of five rats each were fed an equivalent of 15,000 USPXI
unite of Dirat/day for 20 daya. The D was fed to one group in the form of cune
liver oil with a potency of HO,800 USP unitefg and to the second group in the
form of irradiaced ergostercl with a potency of 7,273,000 USP unitm/g.

Earjes 2: The D supplements were also mixed in the diet in this experiment

p—p—

in which twe groups of five rats sech were fed an equivalent of 50,000 USP units
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of Dyat daily until death, The potency of the tuna liver oil was the same
a8 in ghe ssries i expariment but the potency of the irradiated ergosterol
solugfon wvaa 1,000,000 USP XI unita/g.

Sgries 3: In this experiment as in sariem 2, each group of Five ratm
vas fed 50,000 BSP unice of one of the two same D supplements. lHowever, thia
cime §he supplements were diluted with ethyl alcohol and one cc was delivared
into the diet daily until death. The potency of the tuna liver oll concentrate
woed wea 3,000,000 USP units/i.

farxiss 4: In this experiment, the two groups of five ratm were each fed
dally watil deach 80,000 USF units of one of the two D supplements {the feeding
wathod sms not stated). The potency of the tuna liver oil concentrate was
3,008,000 USP units/p and that of the irradfated ergostercl waa 1,000,000 USP
wnlienfg.

The observations fellowing histologicel exsmination were:

Sgpdes 1: Ho evidence of hypervitaminosis wase found. .

Sapies 2: All animals lost weight. Death oecurred between day 17 and 31
of tha mpplement feeding periocd. Histological examination showed calcification
of thwm MWdney, aorta, stomach, lung and heart. No sbnormalicy was nated in the
splemm, liver end adrenal body. The effect of the irradiated etgoaterol was
graatey than that of the tuna liver oi].

Saxdes 3: All apimale lost weipght. Death oceurred within ahnut 13 days.
The pomkt severe calcification was found in the kidney. The ersosterol-fed
gromp mpain showed heavier deponits.

!ﬂﬂ_"“ More welght was lomt by these animals. They died sooner than the
saries 2 znimals. Both groups, tuna liver odl, and irradiated erpoatercl-fed,
phowpd galcification of the kidney, stomach and heart. Omly the ergostercl-fai
growp ghoved calcification of the aorta and lung. The caleification was again
moye ppwara in the ergostearol-fed group.

T muthors concluded that:

a. Hiztologically detectable tissue changes were produced in the kidney,

stomach, acrta, heart and lung of rats by daily oral feeding of 50,000
GSP unitse of D elther as tuna liver o1l or irradiated ergosterol.

by As measured by tissue pathology, the irrediated ergostercl was more

toxic than the tuna liver oii. The calcification produced by daily
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feeding of 50,000 DSP units of irradiated srgoaterol was more severe
than that from 80,000 USP units of tuna liver oll concentrate.

¢, The kidney, stomach, szorta, heart and lung were more readily calceifiad
tharn the liver, splaen and adrenals.

. In 1942 Lund and Armstrong {3609) sxamined the effect of a low caleium
wod wiitemin O free diet on the compoeition of the bones and of the enamel and
demtdn of the molar and incimsor teeth of rata.

Yoty male albine rats (11 aenths, 332 g.) were divided into two groups
affyaw five wecks on an adequate diet. One group, the controls, was continued
on Wity diat for 220 daya, the other wag fed an experimental diet low in caleium
el B for the ssme perind of time.

Tt wun obaerrved that:

#. The calcium balance of the animals on the experimental diet was negative,

% The molar teeth of the experimental rats crumbled easily but were not
dacalcified.

€+ The alveolar bone was decaleified, the alveclar creat resorbed, and the
cexth were looss in thair sockets in the experimental animals.

d, Thair incisor testh wera normal.

% The average density of the humeri from the experimental animals was
decreasad, but their volume was unchanged which Indicated a loas of hone
substance from the interior but not from the surface of the bone,

%« In 1543 Reynolda and Burna (4508) did not find any hietological or
waddaflagical changes in rats fed up to 20,000 IU/kg dally for varyiang perioda
of o¥dmm, The treatment protocol ia summarized in Table 13. At the end of
Iq-.p.l treatwent periods apimals were gacrificed te hiatologically examine
Ehply exvmans and timsues, X-ray studies were made of half the animals in each
Evoup,

A total of 47 male vhite ratas (85 to 107 g ) were divided into four groups
of & snimals sack with saven apimale es controla. Ertron, an electrically
sptimiad exgosterol diasolved in corn oil, was administered daily by pipette
(ons ¥xble 13).

e chservations were:

ay ﬂb changes were noted aa compared to controls in the heart, Lungs,
liver, spleen, pancraaz, stomach, adrensl glunds, kidneys, saorta, and

brain.



Table 13

. L

Tomatmsnt Irotocol for Adwinistration of Ertron to Rata (4808)

“ofme) number IV per Kg daily | Days of trmatment
BTN T 100
13, 13, 14 4,000 127
3, ¥ 17, 18, 19 190
-*isl 1] 100
!, 50, 2 8,000 127
¥, ., 27, 28, 2 180
» N 100
n 8B M» 12,000 127
M, M, 37, 38, 3 150
®, 4§ 100
o, 83, &4 20,000 127
o W6, A7, 48, 49 190
- "‘%E' 0 100
a8, €y, cé 0 127
T_E!J o8, o7 D 190

oy
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b. No abnormality was noted in the bome tissues of efther the treated
or control animals.
¢c. No signs of alteration invboncs, jdints, cartilages or other
‘structures were obaervéd in the roentgenograms of the animals treated
for 190 days as compared to controls. ,
d.  None of the animals showed any signs of toxicity,
e. All remained in apparent good health until sacrifice.
The authors noted that their observations were based only on one
particular D preparation, Ertron.

6. 1In 1943, Ziskin et al, (6376) Studied the effect of massive daily doses
of vitamin D2 on dentin apposition, bone spposition, tooth eruption, calcification
thythm, skeletal calcification, pulp stone formation, estrus cycle and toxicity in
rats, : . SRS SRS SOV N oo SN

Thirty-two female white rats (Shernan strain, 57 to 59 dayn old) were divided

into two groups: 12 controls and 20 experimental animals. The experimental
animals alternated a control period of two weeks with an experimental period of
two weeks to allow the rat incisor to renev itself. The experimental animals each
received 10,000 USP units of D (Ertron) incorporated in their diet. The daily
dose was between 60,000 to 100,000 USP units/kg BW.

The observations were:

a. None of the animals showed grossly obsefvable signs of toxicity or
deleterious effects during the course of the experiment while being fed
the vitamin preparation. The animals appeared healthy and theitr weight
increased.

b, The treated animals showed an accelerated dentin apposition.

c¢. 1In the treated animals a marked increase in bone formations was seen
during the experimental, as compared with the control, period (no D fed).
The untréated rats (controls) showed no such increase.

d. There was no significant influence on the calcification period.

€. There was significant effect on the eruption rate.

f. No pulp stones were found.

g.’ The estrus cycle was unaltered during the experimental period as
compared to the control period.
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7. In 1944, McChesney (3821) carried out experiments to determine whether
the goxicities and hypercalcemic effects in rats of crystalline D2 and D3 and
dihydrotachysterol were related. Albino rats (225 to 275 days old, 300 to
60 g ) were administered the medication tested in corn oil by stomach tube.
Enrgh vat received 0.125 cc per 100 g BW daily (0.1875 cc per 100 g on Saturday
and Monday). The animals were sacrificed after 14 days for the hypercalcemic
study, The results of the experiments are summarized in Tables 14 and 15.

The author concluded that in the albino rat:

a, Crystalline D3 was 55% more toxic than dihydrotachysterol.

b. Dihydrotachysterol was about 260% more toxic than crystalline D2

¢#. The hypercalcemic effect of D, and D, correlated with their toxicities.

4. The hypercalcemic effect of dihyd-otachysterol did not correlate with

its toxicity.

8§, 1In 1963, Murray and Beare ( 414) investigated the possible relationship
hetwesn D toxicity and linoleate intake in the rat. Wistar strain inbred rats
frgm the Food and Drug Laboratories colony (Ottawa, Canada) were used in these
snperiments.

!gggriment 1: The effect on the survival time of 40 weanling rats with an
epmantial fatty acid deficiency which were fed D (as calciferol in propylene
glycol) with and without a linoleate supplement is shown in Table 16. As can
he meen in the table, none of the rats given D (10,000 IU/100 g BW and 40,000
TVU/100 g BW) survived beyond two weeks. Supplemental linoleate increased the
seryival time only of those rats fed the larger dose of D. ‘

Experiment 2: When 80 weanling rats fed a fat-free diet (see original
peper for description) for two weeks (then divided into four groups) were then
’Oﬁ B with and without linoleate and linoleate alone (controls were given
propylene glycol alone), it was found that the D alone depressed growth in the
yoeng rats. lLarge doses of D were not found to have any influence on the fatty .
pcdd composition of the ltver. |

Fxperiment 3: Young male rats fed the fat-free diet were divided into
fowr groups of 20 rats each and given respectively 0.1 ml daily of four '
#4ffarent fats (see Table 17). Ten rats from each group were fed 5000 IU D
dafly for three weeks. The results of this experiment are shown in Table 17.

Ae can be seen, the D caused a decrease in weight gain and kidney calcification.
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Table 14

Survival of Albino Rats Receiving Various Activated
Sterols Daily Until Death. (3821)

’ o | Survival time, days
No. of Dose, ° Avg. ' Equivalent
Prepawation Experiment rats mg/kg/day Range (median) toxic dose?
Vitmn D, aP 12 2.0 13-87 33 + 5° )
(22)
Vitamutn D, c 12 2.4 16-72 43 +3.30 3.60
i (42) ,
Vitanin D, D 10 3.0  11-82 33 + 5.6
(25) )
Vitamin D A 12 2.0 9-32 18 + 1.5)
3 —an
Vitamin D B 8 1.5 19-124 59 + 10
3 T(44)
(28)
Vitantn D c 11 1.75 12-70 39 + 4.3
3 T(34)
Vitmein D, D 10 2.25 7-74 27 + 4.7
(20)1
Dikydrotachysterol A 2 1.0 8-181¢ 34 + 10
' (18)
Pitydrotachysterol C 12 1.12 9-67 24 + 2.6 1.00
(20)
Dfhydrotachysterol D 10 1.25 9-35 15 + 5.4
(12)

am Mgld;y—-pemitting & median 20-day survival time, as estimated from the
daga of Experiments A, C, and D. .

b = The experiment numbers are given in order to indicate which animals were Tun
at the same time.

€ ® Probable error of the mean.

@ » Antmal sacrificed on the 181st day and serum Ca found to be 14.3 mgX.
Judging from its condition the animal might still have survived for a
congiderable period of time.
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Table 15

Fipal Serum Calcivm Vglues of Albino Rete Medicated Daily wirh
Various Actiwveted Stercls for 14 Days. §821)

Sarum caleium, mgX  Dose requirsd to
Dosea, ’ 4 »  produce serum
Feaparetion No. of rats wmg/kg/day Range Avg. Ca 15.3 mpx®
Wyants D, 8 2.0  13.1-17.3 15.74+0,38° 1.85
Yitmia D, 8 1.0 13.5-15.4 14.61+0,23
1.2
Yikanin I}a 8 1.5 15.3-17.1 16.3040.16
Miphretachysterel B 1.0 14.2-17.0 15.2940,24 1.0

l- r.“d from the data, as np/kag/day for 14 days, essuming that the rise
the normal level of 11.2 wpX is proportional to the log of the dose,
% » Frobable srror of the ween.

Table 16

Effect of Msthyl Linoleate on the Survival Time of
Rats Giver Masaive Dogas of Vicamin D (4141)

Vitamin D dose (IU/I0D g

wt , ¢ da
Linoleate &0, 000
sapplement _'"ﬁuwivll time {ds':.rs}
None 8.0 + 0.6% 6.6 + 0.3
100 ng/day 10,0 + 0.% 6.4 + 0.3

#* Mean + S.E.
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Rffeact of Vitenin D apd Variouz Fat Supplements on Weight Gain,

Table 17

i L

Plasma {alcium, and Fidnay Calcificstion (5141 )

" Supplements

I Food Wt. Plasma
Mt Yitamin D cons. gain Ca

®,1 plfday) (5000 Iv/day) () (g) (wg/100 ml)  Caleific.
[ oo . - WL+ 9% 49+4  B.78 + 0.36 0.5
Tinitate + 181 + & 31 +3  11.21 + 0,45 2.5
Bon 10t - 213 + 8 $24+ 4 9.37 + 0.35 0.6
Epnonte + 180 + 9 3W+4 9,51 + 0,32 4.0
Mnsleate - 221 + 7 68 +4 8,17 + 0,34 0.8
Linelsate + 204 + 6 47 + 3 11.00 + 0.45 3.1
Salflawer 221 + 3 1342 9,76 + 0.3 1.2
sl dover + 213+ 8 6245  11.30 + 0.36 3.6
b s
* Nope ¢ 5.E.
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Bgerinent 4; In this experiment young male wesnling rats were fed a
fat-feps diet supplementad daily with 0.1 m] butter fat, olive oil, ssfflower
i} or meokaden oll. In each group tem of the rats wara also givan 5000 IU
D paxr day. Again it was observed that D significently decreased the growth of
tha rase (for details of tha reanlts ses the original papar).

Epeprinent 5: The effect of varicus fat supplements on 100 linsleic-acid-
depleded rats divided luto five groups of 20 snd given non-lethal doses of D
(300G I per day to ten snfwale in asch group) wus weasured. The results are
shows in Tabje 18. All groups givem D showed » welght loga and increassd .
kidney saicification. The latter was not affected by the oll supplements.

9. In 19563, Constantinides (1126) veportad producing trua intimal foam
asil lppione in rat arteries, partfcularly roronaries, within six weeks. The
promedure used was the following:

#&. 3ome lipemia wam induced during the first twe weeks by means of a

cholesterol-thicuracil-cholats diet.

%, Viosterol was administered for three days during the third week.

&¢. Finally, thrae wesks more of the lipem{a-producing diet was given,

The authors explanstiom war that by firat adapting the rats to relatively
haywlags ateroids their gsmaral resistance was increased to the much more toxie
stavedd, vicaterol. This rasulted in minimum artsriel injury with maximal
intapwal Lyperplasia and iipophagia.

. In 1965, Zemplenyf et al. (6354) fed locally bred male rate, 190-200 Es
Baxtrofc's diet which inducad lipid accumulstions in sortic sndothelium without
osmtsttive tissve reactioma. This later resulted in sultiple thremboses and
mrocardisl infarctions. Thay then repested this experiment, adding 30,000 IU D.’i
iz o) daily for five or nine days (5353) and found additional connective tissue
damsge, The authors inferrved that the compective tissus damage was & primary
affapt of the hyparvitaminosis D! that would lead to sscondary caleification.

11. In 1967, Creuss sd Clark {1234) atudied the affect of D oo the
phoppholipide of the long bones of rats. A total of 33 male hooded racs
(R.¥W. atrain, ca. 110 g) wers fed a laboratory diet; 18 animals received
15,008 TU D/100 g BW daily diessolved Iin mesame oil: the reat, the controls,
ware given an equal wolume of sesame oil. Twelve axperimental snimala and 11
coptrols wers sscrificed batween daye 14 and 18, while aix experimentals amd
olx esntrols were maintained for 24 days before macrifice. It way found that:
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Table 138

Rffeat of Vitamin D, Buttar, Olive 0dl, snd Linoleate on Welght, Plasma Calcium,
spd Kidney Calcificatlen in Esaential Fatty Acld Daficient Rats @141)

Trirrra—

Supplements
Food Wt. Plasma

Pak Vitsmin D conn. gain Ca Kidoney
(0.1 ni} (5000 IU/day) {(a) (z) {mg/100 m1}  caleific.

- - 404 +13% L6 +5 923 + 0.7 1.0

- + 276 + 12 -39+ 4 11,61 + 0.30 2.0

Buktar - 422 + 11 33+ 3 9.42 + 0.21 0.5
Bttar + 217 + 2 27 +6 11,90 + 0,20 2.2
Oltve - 412 + 14 42 + 5 9.20 + 0.28 0.6
tltwe + 279 + 15  ~15+ 5  11.68 + 0,24 2.5
Glive and b

Jinolsate - 406 + 12 42 + 2 8.89 + 0,27 0.3
Oliva and b

1faoleate + 289+15 -104+6 11,32 + 0.29 3.0
Olive and c

1inoleate - 428 + 11 59 + 4 9.06 + 0.30 1.0
Olive and c

Mncloste + 313 +17 -12+5  10.9% + 0.54 2.3
a = Myam + 5.E.

b= 25 mg methyl linoleats per 0,1 ml.
¢ = 30 mg nethyl linaleate per 0.1 ml.
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a. The D dosed rats did not gain weight as well as the controls.

b. The experimental rate showed a aipnificant incrsase in the bone
organlec Eraceieon.

g. The P uptake by the phospholipids in the treated animals was
significantly increased, indicating an increassd synthesis. (See
regqulis in Table 19 and 20.)

The authore suggested that the sccunulation of lipid materisl may be

related to the fatlure af the osteoid to caleify properly in hypervitaminosis D.

12, Fraser et al.(1896) produced kidney stones in rate with D. Seven
fumsle Wistar rats (betwaen 140-190 g) werse fed normal rat chow plus 10,000 TU
{0.25 up) of D, once a weak by stomach tub= for &5 deys. The table belov shows
thw mumbers and types of atonss produced.

Type of Stome . Hunbers
Hgmima'ﬁuzﬂ 4
cnnml-zuzc 8l

Calcium Oxalate - 2 H,0 and - H,O 1
Anoyphous calcium phosphate
Too small to sxamipe 4
Total mmber 71
A9 can be seen irom the table, the predominant stone type produced wné
caledwm hydrogen phosphate., The average weight was about 73 mp, Further data
from this report will be foumd in Biochemical Information, section V.
€. BRabbits
t. 1In 1857, Donath at al.(1536) studied the effect of various D preparations
in pabbits. Five groups of rabbite respectively were given weekly intravenous

injeations of solutions of: a product of irradiated ergosterol, pure Dz with
victamia A, ot solvent slons.
kit was observed that thares was no significant difference In the effécts of
the differemnt D preparations., Some of the affecta were:
8, Slight falls in hemoglobin, and mmall but significant falls in red cell
tounta suggeative of inciplent anemia.
b, Significant increasea in serum cholesterol end alkaline phosphatase.
¢, Significant increases in serum Ca, nonprotein nitrogan, urea and
inorganic P,
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Teble 19

Uptake by Bones of Rypervitaminotic D Aninals
14-18 Days on Treatment (1234}

Control Hypervitaminosls D
(11 animalns) {12 snimuls)

Final wt. (g) 170 + 4.2 116 + 6.3k*x
Bone — Ash (¥ dry. fat-free wt.) 65.3 + 1.47 58.5 4 1.34wrk
Bone — Organic fraction (X dry, fat—free wt.) 34.7 + 1.45 41.5 + 1.34%x
Phospholipid - Bone (ma/g) 1.97 + .22 3.26 + 37wk
Phospholipid — Organic fractionm (mg/x) 5.66 + .35 7.93 + 58k
PIZ yprake - Counts/min/p bone 7629 ¥ 1502 15,701 £ 2041%n
P32 upteke - Counts/min/mg phospholipid 441 + 764 6418 + LA6Dww
kid Bapificance at .1% level {p<.001}. + Standard error.

¥k Qignificance at 1% lewel (p<.0l1).
* Rfgnificance at 5% level (p<.05).

Table 20

Phospholipids of Bonea by Hypervitaminotic D
Animals 24 Daye om Treatment. (1234)

Control Aypervitaminomis D

{6 animalm) (b anlwmala)
Final wt. 182 + 5.2 124 + 5.8
Bene - Ash (3 dry, fat-free wt.) 65.0 + 1,37 58.4 + 1.46%w%
Bone - Orpanic fractiom (X dry, fat-free wt.)} 35.0 + 1,35 41.6 4+ ].47 %k
ng/p % of total mg /g T of total

crganic fraction phospholipid organic freaction phoepholipid
Total phospholipid 7.09 + .42 1L.60 +  Gh%kk
ILecithin 3.63 + .24 51.6 5.00 + 28k 51.1
Phosphatidylethanolamine 2.22 + .18 31.5 3.01 + _20%x 26.5
Sphingomyelin .53 + ,09 1.6 1.1% + .1i=® 10.3
Lysolecithin 30 + .07 b, 3 60 + 09 5.1
"y 16 + .04 2,2 A6+ D6 4.1
ik Sigmificance at .1¥ level {p<.0C1). + Standard error.

*& Significence at 1% level {(p<.0l).
* Bignificance at 5% lawvel (p<.05).
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Considerable weight loss particulsrly im those animala given
vitewin A.

The mean Ca contents of the sorta and kidney were 6.9 and 2,7 %, as
compared to less then 0.04 X in controls.

fa contsnts of tha fasur and skull in the experimental animals ware
low.

Rabbite which died had urawic symptoas.

In 1958, Rase at al, 2599 ) studied histologically the distribution

an! gwolution of lesions of the vascular aystem in rabbite given excessaive
dospa of irradiated ergosterol, Mals albino rahbits {3 months old, ehout 3
pounds} were dosed with varying smcunts of viostercl, There were 54
sspeyinental animale and 75 controls used. The dosages studied were:

b.

300,000 units given in three equal doses at two day intervals for
aight daya. This was the minimum domage for production of significant
genaral caleinosis.

500,000 to 600,000 units sdministered in periodic equal domen for at
least three weeks, This dose produced generalized caleinosls of
increasing meverity.

Bi-weekly administrstion of 100,000 units continued beyond three weeks.
This regime generally led to anorexis, loss of weight end death within

about six wecks,

The main chaervations ware:

b,

Bones - In genaral they were more brittle than notmal and varied with
the meverity and duyration of the hypervitamincsis D.

Caicium deposits - The amount and distribution of abnormal calcium
deposits in the soft tissues also varied with the duration and severity
of the hypervitaminoais D. Calcium was most conepicusualy distributed
in the sorta and ita main branches, somavhat less s¢ in the kidney.
Muscle and the respiratory tract were other common locations of caleium
deposits., In the latter, tracheal and bronchial cartilapes weye
frequently rigid asd calcified. Also caleium was found in the walls of
the pulmonary veins. Cross calcium traces were also noted in ather
OTEANSE .

The pathelogical processes attributable to hypervitaminosia D varied
with viasterol dosage, length of period between doses, duration of the
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the caslcification of dentin in the rabbit. Pure preparations of D2 and D

regime and the occurrence of intercurrent infections. (For details

of the microscopic pathological changes observed, see the original
paper.)

authors concluded that:

Administration of D in amounts just sufficient to produce pathologic
changes led to mineralization of certain tissues which do not normally
calcify.

With somewhat larger doses, abnormal mineralization of tissues was
often preceded and accompanied by structural changes of a degenerative
type.

Still larger doses excited early inflammatory reactions in cardiac and
skeletal muscle only.

Studies of restorative phases of the disorder gave evidence of
reversibility and resistance to progression of these processes.

In 1963, Matsuda and Kato (3770) compared the action of D2 and D, on

3

vere
3

given s.c. to normal rabbits in various doses with the following results:
g;ggggg,p& a. Each of three overdoses, 400,000 IU/kg, 10C,000 IU/ke and

10,000 1U/kg,were given s.c. once daily for three consecutive
days to five rabbits.

The animals died five to seven days after injection
following anorexia and weight loss. Only the highest dosage
slightly inhibited tooth calcification. The other two dosages
accelerated calcification. Serum calcium decreased at all dosage
levels and serum inorpanic phosphate increased. Serum protein
decreased appreciably,

b. Eight rabbits were given 5,000 IU/kg s.c. daily for three
consecutive days. Calcification was accelerated without side
effects.

No change was noted in the degree of dentin formation,
Serum calcium was inconsistent: serum inorganic phosphate
gradually decreased, and serum protein decreased.

¢. Five animals were given 3,000 IU/kg s.c. once daily for three
consecutive days.

The dose was only 40% effective in promoting calcification.

76




Vitemtn D, &s. Ten animals were Infected &.c. once daily for three consecutive
daya with 800,000 IUfkg.
¥o toxic effects were observed, Serum calcium increased
gradually as well am serum protein. Calcification as indicated
by formation of a deep-blue stained layer increased as the ratio
between calcium and phosphate decreamed below normal and alkaline
phosphatase activity diminished. (Thii wvag alac the case with
B,.)
b. Five animals were injected s.c. with 400,000 IU/ke once daily
faor thres conaecutive days,
This dose wam 40% effective.
The suthors concluded that:
a. The range for an effective doze of D2 without toxiclty wms E‘Gnﬂltu
10,000 IU/ke.

bh. An overdose of ni #,¢. had an accelerating effecr on calcification

except whan the dose was 400,000 IU/ke when it was inhibitory.

. HE wags superior to B3 in promoting dentin caleification {n normal

rabbits.

d. The range of effective doses of DS waa wider than of Dz.

With both D vitammins hypercalcificetion was accompanied by decresased
alkaline phosphatame activity. Table 21 compares the

efteets of both these vitamine on caleification, blood and urinary
components.

4, Io order to determine vhether the elecrrocardiographic changes in
patients with Infantile hypercalcemis resultad from syocardisl lemions, in 1965
Colaman (1083 ) administersd large doses of D to rabbits.

Vitemin D {40420 IT DZ and 100 to 770 10 Dafg M) in arachis oil wes
adainistered orally for 10 days to 18 rabbits (nine Dz, nine D3, nina contrel)
and wag completed by aix weeks of ape. Seven of the animals died: twe in
congestive heart failure (D2 347 units/fg: D3 103 units/¢) abowing hypertrophy of
mosele fibers and mevers aortic lesions: four others had focal myocardial lesions
(D2 230 unite/g, 4D unite/s; D, 770 unitafe, 660 units/g). 0ne rabbit which
became 111 and wes killed wma the only one with coronary artery leasloens.

An anrtic lepion was prasent In every rabbic given vitmmin P but nome in
the controls. 1In ten of these rebbita (D, 40-420 unice/g: D, 100-770 unita/g)
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Table 21

Comparative Studfes on the Effects of Vitamins Do and D upon Caleificatiom of

Dentin, and Drinary apd Blood Components of Normal Rabhits., (3770)
Daily Daily

Calcification Sernum Serus output of sutput of

accelerating Sarum Sexrum alknline protein Elood urinary urinary

dose calciom phosphate phoaphatape lewel e caledmn phoaphate

5,000 IU/ke No Increans Decreage Decrease Little Increase Intfta:e
D2 subcut, definite change

) time tandency

800,000 IU/kg Gradual Increase Decreage Increase Little Increase Tranglent
D3 mabecut. increane change decreans

3 time

R
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there were lesione immediately subjacent te the mural endocardiwm of the left
wanioglele, left atriuw or right veantricle. Sarum calclum levele In excose of

conctrels were found ax long as 32-39 weeks after the cessation of the D
adminiatration.

The avthor coancluded that the psasibility exists that conpenital
sndocardial fibroelaatosis and the myccardial lesion of fibrocystic diacase

of the pancreas are ralaced to vwitamin D.

2

In 1966, Friedsan and Roberta {1947 ) explored the relationship between

hypervitminesis & in the mother rabblt and the development of supravalvular
sortic stenosis In the offspring. (Here only the production of hypervitaminosis
in the mother iIs abstracted. The tranaplacental effects are discussed on

PP+ 154-157.)

The experimantal procedure was!

.

b.

G

Adult white New Zealand rabbits were mated, with each female having

a different mate.

Starting with the day after copulstion, eight femalas on a stock diet
were given D 1.m, (activated erposteraol in cottonseed oi1l) on alternate
days for a rotal of 1.5 million unita.

Three groups of five females on the atock diet, each were given D 1.m.
for 30 days after copulatiom, for total amounts of 2.5, 3.5 and 4.5
millien units raspectively.

Controla were elght females on the stock diet,

Three additional females weve made D deffclent by feediog them a stock
diet without D supplements.

obseyvatione of the mothers showed the following:

The D level in the mothers given 1.5 million units was 7 times greater
than that of the cootrols,

There were no atatistically mignificant differences in measurements of
serun calcivm levels and phogphorus values betwean mothers and controls.
All of the females gilven 2.5, 3.5 and 4.5 million unite of D died
within 65 daya after thelr firet vitamin injection.

41l of the above sxcesmively dosed femalas which coneceived either
ahorted during the first 12 days of pregnency or delivered macerated

fetuses.
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a. The entire aorts of esach of tha 2.5, 3.5 and 4.5 million unita
dosed rabhits, showed sdvamesd changes including frregular depressions
in the internal wall, focal calctium deposita, focl of depeneration
and necrosis of the aortic wmedia.
f. The sortae of the mothers given the smaller 1.5 millien unit dose,
shoved mimilar but lass strikimg changes, most pronounced in the
provimal portiem.
D, Chicks
In 1934, Waddell $048) iovestigatad the comparative effsctivensss of
irradiated choleaterol and ergostercl in preventimg leg weakness in chicks.
A number of experivents were cartied out as follows:

Irradiated crude choleasterol: In the Ffirst axperiment aight weeks in
deration, the matarial, suspended in corn oil, was added to the basal diet of
chicke (specifications not given) in proportions sc that each group received 20,

B0 and 320 rat unite per 100 g of diet reapectively {one rat umit was foumd to
be mpproximately (.75 mg). Another group of chicks was given 10 rat units of
cvd liver oil per 100 g of diet and four more grouwps received 10, 40, 150 and
640 rat uwnits of irradiated ergoatarol per 100 g diet,

The reaulta of thism experiment showed that irvadiated cholestero)l at all
levels protected againet leg weskness, Growth and outward sppearance compared
fuvorsbly to the cod liver oll fed group, While at the lowar levels irradiated
argoatarcl praoved relatively ineffective. Only 640 rat units produced a normal
sppesring group., { A mecond more extensive repeat of the sbove axperiment is
susparfized in Table 22.)

The author concluded from these experiments that irradiated cholesterecl
is as potent as the vitamin D of cod liver ofl in preventing leg weakness in
chicke.

Irradliated pure cholestarel: 0.5 mg contalined one vat wnde. WVhite laghorn
chickea (no details given) ware fed the squivalent of 20, &0 and 60 rat units
par 100 g of diet. This was comparsd as baefore with other supplements, including
eruwde cholesterol. .

The results showed excellent growth and calcification resulting from the
irradiated pure cholesterol.

Fractionation experiments: Experimants were carried out in which the active
fraction was separated out snd the Tecovered matarial irrsdiated, This procedure
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Table 22

Suwenry Showing Pifference in Efficacy of Irvradiated Crinde Choleaterel

and of Irradisted Frgostercl Alone and in Presence
aof Nem—-TIrvadiated Crude Cholesterol (go48)

Average
Group Pat units per |wedght at | Bome ash at
Neo. Supplement to bamal Ratiom I¥* | 100 ¢ ration 8 weeks B weekghh Remarks
. per cent
1 Rone 5'5'5 15.2 All pymptoms of leg
weaknees evident; all sgquat

2 0.252 cod liwer ofl 10 626 43.7 Chicks heslthy: vary sctive

3 10 mg irrsdiated cruds : 20 633 8.6 Chicks healthy: very sctive
cholesterol

& W ng frradiated crude 60 £00 3.0 Chicke healthy; comditiem
cholesterol excellent

5 90 mg irradisted crude 180 614 43,5 Chiicks healthy: condition
cholaxtero] excellent

6 Irradiated argostero]l +10 16 k1.1 38.5 More than half of chicks
mg crude cholesterocl squat

7 Irradiated erpostercl +30 30 Nl 35.4 About 3/4 of group squat;
mg crude cholastercl condition poor

8 Irradiated ergegterol 450 9 350 36.7 Abocut 3/4 of group squat:
wg crude chelestarcl condition poor

9 Irredisted ergasterol 90 62 36.9 A1l but 1 eguat: condition

POOT

* All chicke were maintaired on the bagal diet for I week before additions, as noted, were made.
* Figures for percentape of bone agh were obtained on ten chicks from each group.
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was followsd sevaral times (mea originsl papar for datails) snd the resulting
fractious tasted. These expevimsats ars sumsariged in Teblas 23 and 24,

The author comcluded rhat the vepasted irradtation of cholsmtarcl {as.
describsd in the papsr) did mot produca sy apprscisble ssounts of antirachitic
substances for chicks nor sny subetence which had a supplementing affect with
irTadizted argoaterol. Also that the high potency of tha irradiated cholssteral
was the property of the activated "pro-vitamin" of cholasterol.

Various wixtures: Mixturea of choelesterol and srgostarol wara used in
anothar seriep of experiments. Thase are summarised in Tsblas 24 (groups 10, 11
mnd 12) 25 and 26,

The author's conclusions were that pure ergosterol hested and {rradiated in
tha presence of cholemteral d1id not produce any more effactive vitamin than
that from irradiated ergosterol alema. Also that ergostersl behaved differently
from the "pro-vitamin® in cholestersl, The author then concluded that the
"pro~vitamin" constituent of choleatarol differed from argostsrol. This
conclusion did not agree with tha balief widely held in the 1930's, vhen this
papar vas written, that sergostercl was ths main precursor of D activity in che
body.

E. Doxs

1, Taylor and Weld {571%) investigated tha apparantly greater susceptibility
of growing animals to irradisted srgostarol. Two groops of pupa wave osad, The
firat group of five animals (ca. 4 mos, old, 2.71 to 4.76 kiloa) was orally
aduinistered ergosterol which was diluted 1:10 with corn oll. The potsncy
of the diluted material wue Cen times that of ita therapautic potency as
originally assayed by the manufactureras. Tha doas scheduls and effacets of the
dosage are summarized in Table 27.

The authora concluded {sss Table 27) that ergostercl pradisposed tha 'rm:mg
dog to intussusception. They subassquently ocbserved & largs proportion of dogs
dying froa this cause following ergoetarnl ovevdomags, They further concluded
that in young dogs irradiated ergostercl induced a distmxbanea in tha motor
machanigme of the bowel which preadiwposed to the condition, and that
intusausception was an effsct of the vitamin D adminiatyation which usually
supervaned sarly snd causad desth hafore the other signs of overdosags wers

spparent.
The sscond group of six animals (2-2 1/2 wos. old) was given similar dosas
of undilutad irradiated srgosterol. All these animals died within two wasks.
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Table 23

Summary Showing Differevce in Bfficacy of Firat, Second snd Third
Filtrate Fractions frowm Repeated Irradiation of Pure Cholasterol (6048)

Average
Sroup Rrt unice per | welght at Eone agh
NHo. Supplement to bamal Ration I* | i0G ¢ ration B weeks at B weeks| Rewmarks
g per cent
1 First filtrate fraction 10 641 5.0 Chicks healthy
(= 5 mg)
2 Seme (= 10 mg) 20 661 4.6 Chicks hesalthy
3 Seme (= 15 mg) k o] 719 45,6 Chicka bhealthy
4 Second filtyate fraction <1 582 4,2 Unasteady and staggering
(= 5 ng)
5 Same (= 10 mg) <2 Shé 38.2 Insteady and atsggering
& Sane {= 15 mg) <2 619 43.0 Some unsteady
7 Third filtrate fraction <1 536 8.1 Marked lex wealnase
(= 5 mg)
8 Same (= 10 mg) <1 06 40.4 Lex weakeeas evident
9 . Game (= 15 mg) <1 588 40.3 6 unsteady

* When this experiment was sterted our supply of chickm wag limited: hence, no group was included which

received the bamal
wre nade. :

diet alone. All chicke smre maintained on the bassl ration 10 daya before additions
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Table 24

Susmary Cospsring Potancy of First and Fifth Filtrate Fractions and of

an Yrradisted Mixture of Cholexterol and Ergonterol (6D48)

Average ”
Group Rar units per ; weipht at Bone ash
Ro. Supplement to basal Retion I* 00 g ratiaon B weeks at 3 weeks | Remarks
m per cent
1 None 351 %0 Almosr all squat
2 0.25 par cent cod liver oil 10 Tiz 44,2 Comdition vary goond
3 ¥irst f£iltreate fractiom 10 614 3.3 Good conditiom
(= 5 mp)
4 Samn (= 10 mg) 20 659 4.4 Vary good condition
5 Bame (= 15 mg) 30 626 44,13 Very good comdition
& FMfch filerate fraction <1 418 37.7 More than bhalf squat
(= 15 mg)
7 Same = 50 mg) <] 448 36.6 9 sguat
B Ffth filtrate fraction 30 &79 38.6 9 aquat
(= 1% ng) + irradiated
argosterol
9 Mfth f1lrrate fraction an 479 3B.6 6 squat
{= 15 mg) + irradiatad
srxonterol
10 Iryaddinted mixture of 1n 532 36,4 8 squat
cholestercl and srgostercl {95:5)
1 Same 3 422 37.0 8 wquat
12 Eame L4 ¥ 36.8 10 squat

* All chicks were maintained on the bagal ration for 2 weeks before surplements wers added,
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Table 25

Summary Copparing Efflcacy of Varlous Supplements Fhich
Included Irradiated Mixture of Cholestercl and Ergosaterol (6048}

Averape
Group Rat units per {weipht at Beme ash
Ho. Diet ami supplement*® 100 ¢ ratimm B wesks at § weaks Remarke
g per cent
1 Basal Bation I 0 50 36.1 Almosr all squatr
2 Same + 0.215 per cent cod 1 642 43.0 Excellent
liver o1l
3 Same + irradiated ergosterol 3n 353 35.1 12 agquat
4 Sane ax for Group 3 20 485 39.7 8 squat
5 Sama + filtrate from 10 655 45.9 Fxeellent
irrmdinted cruds cholasterol
b Same zs for Group 5 20 617 43.1 Condition very mood
7 Same az for Group 5 30 155 4.7 Exceellsent
B Sane + ixrradisted pure 10 612 431.7 Condition very sood
cholestercl
9 Swme ae for Group 8 20 565 53.6 Condition very good
1] Bams an for Group § 0 614 §52.6 Excellent
11 Same + flltrate of irradisted kL1 51D &0.4 & squat
choleateral + 0.1 per cent
srgoatarol
12 Sams as for Group 11 20 421 37.6 I0 squet
14 Basal Ratiom II Q 27 0.7 (D.) ()™ | Al] squat
33.6 (L.) (8)
15 Esms + 0.5 per cent cod 20 534 40,5 Condition good
livar oil
16 Bame + filtrare from 20 618 §2.5 Condition very good
irradisted crude cholesterol
17 Same + irradisted pure 20 566 h1.4 Condition mood
cholestarnl

All chicka ie this experiment were maintained on bazal Rationn I for 2 weeka, additionx them being made
a3 woted. GCroupm 14 to 17 were chanped to hasal Ration II at the same time,
Bones were removed from mix chicks which died (D.) durinpg the la=t week of the experiment and were

kapt in a separate group. The eight remaining (L.) at the and of the experiment were grouped and the
ank wag determined separately.



Table 26

Swematy Comparing Efficacy of Irvadiated Frpostercl, Two Heated and Irrmdiated Mixturea of
Cholestercl pnd Ergoeteral, and & Fraciion of Irradioted Crude Choleatercl (604B8)

98

Bat units Average |Mo. of chicks |
Group Supplement to per 100 weicsht at | At bhegin- A+ | Bone aph at
basse]l Escion II ¢ ration & weeks ning Emd 6 wegkah Bemarks
i . FEFpent S
1 None ¢ 135 16 4 28.6 (1) All murvivors squat
2 0.257 cod liver oil 10 428 le i5 41.6 Slirht anateadiness In few
k| 0.5% cod liver ofl 20 410 15 15 41.4 Heal thy
& Irradiated ergosterol k14 164 15 10 0.4 (19) All =xcept 3 squatk
5 Same W 09 15 13 3.6 (18) About 3/4 of group squat
6 Same 2N 395 15 13 37.2 {14) & unsteady, 1 squat
7 Hitrate irradiated, 10 140 14 5 BT (M All survivors sguat
beatsd (2 hxs.}
mixture cholesateral
+ sigosteral
8 Saxwe in 175 15 & 27.1 {11} All survivers squat
9 Same 90 195 15 L4 an.s AIl but 3 squat
10 Smme 270 3e0 15 15 35.6 4 or 5 unstasdy
11 Filtrate irradiated, 10 134 14 5 28.9 (1) All survivora squat
banted (4 hre.)
mizture choleaterol
+ srposterol
12 Same 30 194 15 10 30.3 {15) Almoat all squat
13 Sama 20 23n 15 14 33.1 (1%) About half squat
14 Samn 27e 432 15 15 9.6 £lirht unsteadiness in few
18 HMlitrate from 2 175 15 13 n.g (15) A1l squat
irrsdiated crude
cholestervl
i3 Sawe 5 351 15 15 40,2 S5lirht unsteadinesa In few
20 Exne 10 J9 15 i5 41.1 Slight unsteadiness in fow

bone ash.

chicks comtributed all bones.

Since most of the fatalities cccurred during the last 1O days of the experiment, bones were removed from
those chicks that died in that time and included with the bones from the survivors in detsmmining percentage

Pigures in parenthesee indicate oumber of bones tued Where there are no parentheses surviving



Teble 27

Effect of Trradiated Frposternl on Tura kbewvs & Menths 014 (5T11)

Delly dome of f{rradiated sraoscernd “romhay of Serum calecium Welght
Welght 10,003 % 1o c.C. dmyx from ram. per 1700 e.e. at, er
hefore - Tquivalunt - and shortly Post-morten findings
Mo of admin- of x 1_" wimt of FYmDLonE tefore,
-az;.mnl istracion tar 230 ¢ par :m“i“;:nh :“ﬁl
in kilow Total kile  per Liic Elle v n kllos
1 2.71 2.3 0.10 ia Az 11 Hypercaloesela [1f wom. ) 1.7 Floating of raatric muecoss with
comjmmetivitie, voniting, wall extravmsstions of blend.
dlarrhoss, bloo® in stoola,. Tawworrhayic aresn in lomes.
1 wn 0,15 0.6 6.6 35 k Yrpercalcaerla {18 wer.) LT Stoewch and intestines soparsmily
cmioctivitie aod o]
inflismation of 1ids with
lome of syelastws. Pro—
foumd] smaristion. VomiE-
md dlayrioss in earls
part of erparisest.
] 2 4,76 N 0. i, n B0 Tiypasesl cammdr (14 wer.) oz Setomnch »nd intextinex sooarently
stwrtly sfter commence- narmal.
it ful lowed by peoovery
o noTmal
§ 3.69 .15 0.04 L. 1 15 Colciwm 11 wem. Lnose of .51 Terumzorcention of Tower 12 in. of
walghe. %o other definite 1lmum Inkn colop, fywapinake’
wywptooe watfl 2o howrs bewel. haemorthapic and sections
before desth, whas womdit- SEDPTEOCTE
inE and great wasknsss .,
' srding in collapss occorred-
5 4,11 nl 0,02 2.0 17 &N Slight riss ip Asrur L

caleiwm durine First 2
weaks. Talkl afrer chle
which reschst wernnl ©
vk llurr.

“nthine sbaorsnl roted in wizceras.

+
T = maxrival therspeutic dose (0,12 e.e. 250 1 per kiln).
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The dose schedula and effects of tha dosage are supmarized in Table 28.

A macond saries of sxpariments was carried out because the authors
considersd the poasibility that the stock diet fed the doga might have heep
inadequate and might hava needed vitmmin fortification te enable the apimala
to batter tesist tha sffects of ergosterol overdosage. In this experiment
six polica pups from the asmea litrer, about two months old, were fed the
vitemiv foreiffed diet and then dogad with irradiatad erposterel. The dose
achedule and effects on weight and survival are symmarized in Table 29. Aa
can he geen, at the end of thres wesks most of the pnimals Iowt weight, The
authors noted that the antmal recaiving the smalleat doae showed a steady
declina in weight after tha first five weeks until death et twe menths. This
aninal's dese waa only four times the mextnul therapeutic doae. The aauthors
stated that even though csution should be ohserved when excrapolating data
from aninals to man, thess results sugpested that the adninistration of
irradiated srgoaterol to infanta in swountz not greatly exceeding those
recoppendad st tha time of writing (1952) night be dangerous,

A further conclusion drawn by the authora was that hypercalcemis did not
always occur when animals receivad comparatively small, though stil] texic,
doses of drradiated erxostersal over long periods. Therefore, they falt that
other lass reliable critearia of overdosage such as loas of body welght, lowered
vitality and sahorter survival time were useful wnd valid. They conxidered that
vhen the total oumber of animala smpleyed was teken into accaunt, the deterioratiom
of the animalas Invariably following ergosterol administration left little rooem
for douybt that overdosags was the cauws of death. '

In & final series of sxperiments eight doge, somewhat older (3 montha)
than those in the previous groups, were treated with irradiated ergoaterczl.
The dose scheduls and survival time are summsarisad in Table 0. In thia group
thars was not a complate correspondence between dose elze and survival time.
The suthors pointed out that cthey have found wide variarion in resistance to
overdossge among snimale, particulsrly older aninmals, For sxample, in some
snimale 8 daily dose lesa than ten times the maximal infant dose proved toxic,
while one snimal was uneffected by a daily dose 25 rimes this maximal doases,
Controls (mumbers oot given) were used in all the above experimenta,

2. In 1937, Stack et al, (5512} studied the affact of masmive doaes of
D on doge. In this experiment with 64 healthy sdult dogs, D in the form of a
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Table 23

Effect of Irradiaced Frgosterol om Pops 2-2 LFE “onthe 014, 5719}

Bally dose of irradisted arsosacercl Fupber of
10,003 X 4o c.e. duyw from Curn
Waight F -~ s UM T calcium
before adain- Equdvilert T et of BER AT reirhe
He. of istretiom Far af 250N nET adwiriwtre- I 1L -1 . at depth

animate| in kiice Total kile pet kila kile clon to death  and syntomi in tilos Tamt-morten findinra

100 1.18 0.35 b.2% 29.0 150 iy Fypercaleaomia (0.7 fi, ik Teen fluxhine pf pamtric =poons
mim. }, womlitine. erest Raermorrhanic ratches in Juneg.
waikrmpe, savecially of Intuceaarent?er nF 1 in, of 1meer
himd queriers, Lland 1l into colen. Looe mrrro
hivhly cemoentrated. hasmnrThasic,

101 1.253 .30 0.14% .o 20 11 Typercalewuta (27,5 0.3y Tirmm contragted, A thin cord. caecus
wm. ), wmacintion, witely Ailated, cmdivimmn mmpeat
wanioiigs leadine to nresaratory For develommmt o
opmplete prostration. irtussuscention. Junts shiow heesorrhapic

sreas 1 on. mavars . bone parTEc hacmor
rhawecde,

142 1.1% Q.25 .7 20.0. 1. ¥ Hyperesleswnis probably 0,00 Irtuseuncaprion of 3 in. of lower 11w,
prassat, ek calsiems Cxptrie wocoss phrwd Dlushisne only.

- drtarninations wot wade.
w0 fyaptosn sindlar to
pracedinge.

102 1.%2 0,20 0. 14 14.0 il6 14 Rysercalesesin {240 .an Captzic mocona Indected. 8 faw ecchynotic
). Symptons avess, Powel filled with dar¥ breem
smiler to these of fluid. lamra sbow well- define.t
pracedine awimaln hedwgrrhanle aresw. A section of 1lcum

about 1 in. Imr deeplky conrested amd
shoarine 3 haesorthaeic area 17/} in. looe
The sesrntery nf thia section of the
ileum irieated . wesnels dilaced. Tlewm
oo sirher aide of chis xrea {8 sotte
: pate and ooverl in snesttee.
Lok 0.91 0.1% 0,16 16,0 13 [ IMarrhosn, weIkrwEs, 0.77% Lun=k heesortharic, scomsch matoss celour
particulasly of norral . bonr merresr hassorzhaglc .
hndgutrters, .
tombttar 1amt Few
bours of 1if~,
105 1.56 G.200 0.06 5.0 50 13 Fypercalcanrin 1.02 Mo heemarriases In Lymen,  Stemeach brirhe
13,4 wpm) . ted ir prloric recion. dondenom pals.

home maryow hasworrhacice, 1lewm Miely
contracted | I aecrioms acharates! b
dilated pouctes, hat there 15 no
Intussuaception,

*'r = marima]l tharapedtic doss
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Tahle 29

Cffect of Trradiated Frrasterol on Tups About ® Veeke 01d, Ted sm A Net Tontaining Adeguate
YMigmipe & and 1 (371)

! Daily dose Dafly doss fn
Puppy ~ Meight 1‘; Eilos. per kdlo aquivalent of .
. Jam. 26, 1931 Fab. 5 Feb. lé Mar, 7 T Mar. L6 Mar. 13 Mar, 30 ' 10,000 E in c.c. 250 7 in c.c. T
from
1 2.3% 2.20 med Feb, 13 --- S -—= - e Jen. 24, 1971
Ht. 1.60 0.05 5 42
2 .53 2.36 2.3% 2.5 Disd Mar, § —-- - - 0. g 4 13
We. 1.75
3 .24 2.1% Died Feb, 14 - - - e -—- n.n3 1 25
we. 1.62
& 2,32 2.25 2.30 2,61 2.52 DMed Mar. 14 ——- -—— g.n2 2 17
¥r. 1.68
5 2.40 2.45 I 1.89 Med Mar., 1 —— —_— -— 0.0 1 B
Wt. 1.8
6 2.40 1.46 2,24 2.49 2.30 2,25 2.% Tled ¥ar. 27 0. n05 n.s 4
. 1.32

=lr'I' = maximal theropeuvtic doae
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Table 30

Effect of Irradiated Xrgosterol on Pups sbout 1 Months 014, Fed on
a Dist Containing Adequate Vitesine B and C. (5713)

Survival Cose 10,000 X Equivalent in

Pup Welght tine, per kile in 250 D per kilo
Wo. in kiloes weaksa . oe.e. in c.c, ET.%
1z 2-29 10 0-07 70 58
IIY 2-27 4 D06 60 50
VIII 1-2¢ 6 004 &40 35
4 1-s0 Uneil 303 3:0 25
conelunion
of * T = maximal therapeutic dome.
exparimme

solution of activated exgostarol inm copn oll (1,000,000 unita par g) or
caletfarol dimsolved in corm oll was aduwinisteved largely per on {a few animale,
ouabar not stated, recaived intysvencus injsctiona) in daily doses ranging from
15,000 to 500,000 unita/kg BW. An effort was made to adjust the dose o
decyaaging body weight {a order to keep the ratio batween the dose and the
wiight of matpbelizing timsue fairly constant.

The sxperiment is symmarized in Table 31. The figures in the mecond
columm represent the number of days the animala gurvived the treatment. Thonme
animals which did not dis swere sacrificed within three days following the last
dose. The average sutvival times were;

a. With amounts grester than 50,000 units daily, 12 days.

b, With asmounts betwesn 20,000 and 50,000 upits, 39 daye.

¢, With 20,000 wunits or lass, 6P days.

The mean Ca content of the kidneys of normal doge ie 85 mg/l0C g dried
tissue. The average content of ecaleium in the kidneys of the D fed dogs was
found to be as follows:

a. With a daily dowse greater then 50,000 unita/kg BW, 564 wg/10C g dried

tismue.

b. With a daily doss batween 20,000 and 50,000 units/kg BW, 921 mg/100 g

drled tissue.

c¢. And with a daily dose of 20,000 unlts/kpg BW or less, 183 mg.

The authors speculated that the lower average in the first group way have
basn related to the shorter survival time.
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Table 11

Obeervations on Dogs Receiving Vitamin D (5512)

Kidney
Mg Ccaf Microscopic We. Other
1000 100 gm | Max. Loas| Symptoms
unite/ Dry |Blood | Cell.| C= Pex of
MWo.{ ¥Sday |Daya| Tisaue | Ca Degen. | Stain | Cent| Toxicity
1 500 3] E¥r  I%,90 5 5 40  Savere Died in coma
2 500 n 212 21.6¢ 5 5 32 Severe Hed {n coma
3 500 ] ——— ——— - - 28  Severe MHed in coma
4 500 i1 —— -—- - 38  Severe Died iIn coma
5 200 18 —_— - - - 44 Severe Med in emma
& 200 1N -— -_— - - 4 Severe Died in coma
7 130 ? 598 16.36 4 3 30 Sevaere Died in coma
a 125 12 52 1n.30 1 0 23 Mild Died of distemper
9 1490 an 110 16.30 it 0 7 Mild DMed of distempar
1¢ 100 6 676 14,98 3 h | 1% Savere Died of distemper
11 1an 20 e —_— - - 23 Savere Died in coma
12 100 13 — —_— - - 17 Maderate Found dead
13 &0 7 A0 23.36 1 D 24  Sevara Med of disremper
14 &0 13 540  231.29 1 1 20 Savare Died in coma
15 &% B 685 1B.1H - - 9 Severe Found dead
16 &0 7 oo 19.5%% i 2 417 Mild Found dead
17 60 12 865  24.%0 - - i Savere Found dead
18 60 i3 1221 31.n6 5 5 37 Severe Pled in coma
19 &0 20 e —_— - - 42 Severa Died in coma
0 an in —_ - - - 10 Severe Died in eema
21 a0 17 MEe4d  27.00 S 54+ 15  Havere Pied in coma
22 50 43 112 14.%0 1 21 FHoderate Found dead
23 30 35 — - - - 10 Moderate Allpwed ko recover
24 50 12 —r. —— - - 28 Severe Died in coma
25 b 4] 24 —— - - - 1% Severse Med in coma
26 43 35 47 11.50 ] ¢} 6 Mild Faiy condition
vhen killed
27 38 10 2200 16.02 o] 5 1A Severe Died in comn
23 37 47 115 23.16 ? 0 48  Myl1d Good conditiom
| when killed
except émaciated
29 315 73 114  19.30 5 5 &0  Severe Ded In coma
130 a5 33 693 15.80 5 5 -~  Bevare Poor condition
! when killed
=31 as 23 59 16.47 5 5 a5 Savere Poor conditirm
when killed
32 15 8 407 22,74 1 T 17 Mitd Died of diatemper
"33 35 &0 - — - - 26 Mild Falr condition
. when killed
34 35 54 —— - - - 43 Moderate Fourd dead
'35 35 30 —_— —_— - - 29 Severe Found dead
1) 35 pd ——— - - - 42 Severe Found dead
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Table 31 (cont.)

¥idney
Yg Caf Micromcopic Wt. Other
1040 100 pm | Mae. Loas | Symptons
units/ Dry |Bloeod | Call. Ce Per of

¥o. |K/day | Daya | Tiesue | Ca Degen. | ftain | Cant | Toxdeity

37 25 13 1215 19,34 i & 13 Hoderate Good condition
when Lkilled

33 25 62 131 15.80C 1 1 15  ¥ild Gaod conditien
whan killed

39 25 N e e - - 18 ? food condition

_ when killed

40 25 7% - - ® l'oderste Foupnd dead

41 25 50 - — - - 22 Severe Diad in coma

42 25 56 —— - — - - 5 Severs ded in coma

43 25 16 “m— —_— - - 20 Severe MHed nf distermmer

Hiy 20 as »24 13.2¢6 n f 0 n Gond condition
whern killed

A5 20 41 186 12.50 0 0 3 0 Good condition
when killad

1 20 67 1724 11.78 v a 5 HMild Good condibion
when kilied

47 20 g3 203 12,02 0 0 1] f Good condition
vhen kllled

48 20 120 53 11.00 n 0 + 0 GCood condition
vhen Lillad

49 20 60 ——— ——— - - o rild Hed of distemper

c 20 23 e s - - 6 0 Goad conditien
vwhen killed

51 20 EQ —— — - - 7 7 Alloved to recover

52 20 5 - ———— - - ¥ 1] Good condition
when killed

23 20 40 - e an - ad 0 Good condition
when killed

54 15 62 21 15,85 ? N 5 Slight DMed of distemper

55 15 136 14T 11.83 ) 4] 0 5light Good condition
when killed

56 15 7n B6  12.1% o ¥ n n Gond condition
when killed

57 15 153 2632 10.48n a 0 +16 0 Good condition
when killed

58 15 56 248 11.50 a 0 0 0 Cood conditiom
when killed

59 15 61 e ——— - - +12 0 Goorl condition
when killed

&0 15 6] —— —— - - o 0 Gond condition
when killed

61 15 &7 —-— —_— - - g 0 Good comdition
when killed

&2 15 a0 - - — - - +10 D Goad condition
when killed

63 15 47 -— —_— - - a o0 Gopd condition
when killed

B4 15 an - - - - 5 0 treod condition
when killed
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Other observations made were:

a. In 36 out of 43 dogs receiving more than 20,000 units per kg per day,
lose of weipht wae marked.

b. In only four of the 64 dogs examined waa there any {ndication of
madial thickening in the artaries.

c. With eight axceptioms, all of the 43 dops receiving more than 20,000
unite/kgfday died spontanesously.

The authota concluded that:

g. Up to 20,000 unitafkg/day of N gdministered daily for pericds up to
153 daye was not geriously injurious to dops.

b, Since crystalline calciferel in corn oil {40,701, 000 unite per g) waa
as toxic as activated erxposaterol, the toxic effaccs seen could be
characterized as true hypervitaminosia D,

In a second experiment, 18 deogs were brought to an extremely toxic atape

by administration of D {see Table 312 for amounts riven) and then the adninisetration
was stopped. Some of the toxfe effects were weight loas, anorexia, listleasneas.
paralysia, and prostratiom. Eight of the dopse, not ahown In the table, died

within two to seven days of the termination of the treatment. The dore which
didn't die showed evidence of recovery after various perlods. These were then
sacrificed and examined. The resulte are summarized in Table 32,

The authers conclusiens f£rom thesse experiments were:

4. The dess could recover from extreme gtages of D toxicity, and injured
timgue could be repaired.

k. The degree of toxicity did not seem te ke dependent on the total amount
of D administered or on the gize of the daily doee.

¢. Sensitivity appeared to be laesened during the sdinter months.

d. Diet was an important factor in conditioning toxicity.

e¢. The concentration of plasma Ca wam mot clesely related to toxicity.

In 1947, Hendricks et al.(2547) observed the effects of excess P on
young dogs fed diets similar in Ca content to the diats of infants. The experiment
which ysed 13 puretred, five to eipht-week old cocker-mpaniels, extended over
10 months.

The D sources used were: irradiated erposteral (300.900 IU per g)-

halibut liver o4l (1,430 IU/g and 160,000 IU/g in two lots); tune liver il
(61,000 IU/g): and delsterol (300,000 I0/p). These were administered daily by
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Table 32
Obsarvations on Doge Browght to Extrems Toxicity with D (3510)

: Microecopy i We.

Max. Loss

Recovery| tmits/| Kidney| Blood| Call, Ca Per

Ro.| Days Naya K/ Day Ca Ca | Degen, | Stain | Cent
1 24 126 15,000 257 18.59 a N 6 Good condition
2 15 o 20, 000 48 13,89 0 n 13 Good cendition
3 &0 102 20,000 212 17.¢41 0 0 7 Cood condition
4 10 LB 25,000 323 22.13 v n an Good condition
5 113 30,000 240 19.14 n a 43 Good condition
[ 107 35,000 242 19,43 0 0 30 Good condition
7 a5 20 50,000 151 16.R7 0 ] 10 Good canditinn
A 15 115 5,000 273 14.62 qQ 0 29 Cond condition
9 26 k! 50,000 30D 1%.3p 0 ? 45 Fatr condition,
Seill 152 under

walight.

15 4 105,000 218 18.72 - - n Fatir econditipn,

10% underweight.
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capsule after dilutien with cottoosead oil. Vitamin A was administered along
with D to stuwly ics possible protective effect (see Tabla 13 for administration
pratocal). The puriffed dier fed zo t¢he dogs following weaning and throughout
the expariment containad a coacentration of Ca (1.0%) and P (N,73X) comparable
to that in the wilk solid diet given to infants treated by sinple or repeated
masaive doses of D {for diet composition, see original paper). At the
terrdnation of the experiment the snimals were sacrificed and the tissuea
examined. Some of the observations were:

a. All the dogs ruciiving axceas D (10,008 IUfke BW/day), exhibited esome
toxic symptoms,

b. The doges cverdosed with tuna liver oil showed less toxicity, and the
ones glven delatarnl more toxicity than thoss given irvadiared
argosterol.

c. All the overdossad doga ahowed: stunted hef{ght andéd weight; some degree
of abnorual calcificarion in nearly all tha soft tissuwes; excanpively
mineralized long bones; and shafte increassd in thickness, The teeth
were amall wich deformed Toots, pulp stones and inflamed pum tisaue,

d, The aymptoms of hypervitsminosis Induced in one premature female dog
were more asvers than in the other animsls, and her recovery during
rest periods wma delayed and incomplecte.

e, All the dogs given excese D had a ralsed sarum Ca level.

f. In the moat peverely affected animals the proportion of excess phosphorus
to excess (i wae 2:1 in tha kidneys, heart and feworal muacles, and 0.5:1
in the lunges and stomach,

g. The two doga which were relieved of medication after recelving it for
109 and 123 days respectively, showed no repair of dameged teeth and
jaws even though their appetite and prowth improved. Whan aacrificed,
their stomachs, lunge and kidneys showed excessive Ca retention.

The authors concluded from their ohsarvations that:

&, The cumulacive affect of a repeated moderately exceasive dose of D waw
not as ssvere as the sffect of one mamalve dome. According to the
suthora a single massive dose was the ugual method for treatment or
prophylaxie of infantile vickets.,

bh. A gquestion may be ralsed concerning the unusual susceptibility of
prematurs infants to hypervitaminomis, judging from che extremely
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Table 53.

Amounts and Sources of Vitsmine D and A Fed Young Dope (2547)
Total Number Total
Vitamin D per kg Vitamin A per kg Fariod of enxcenn vitamin
per day per day on diet daily doses I glven
Group Dog {IL} (10} {dayn) given (IT x 1008)
1. Optimum vitamin 1 72, tuna liver oil 800, tuna liver 302 161
D and vitemin A 58 oil oil and halibut 296 153
liver pll
9¢ 72, irradiated 800, halibur liver 296 119
ergostero] ofl
2. Optimum vitamin 28 72, halibur liver 10,000, halibut 302 161
D and excess & oi) liver o1l 296 153
vitamin A
Sg 72, irradiated 10,000, carotene 298 119
ergosterol in oil
3. Excess vitemin Ilg 10,000, tuna liver 103,00, tuna liver 296 236 15,500
D and excexs ofl pil and halibut
vitamin A liver oil
33' 10,000, irradiated 10,000, halibut 312 236 14,400
7 ergosterol liver oil 296 236 18,900
138% 10,000, irradiated 10,000, phark 3aD 147 in 12,000
ergostarol liver oil 178 days
128% 10,700, delaterol 10,000, shark 360 127 in 9,500
Hver oil 188 daym
4. Ezxcess vitamip 42 10,000, frradiated 200, halibut liver al2 236 15,530
b and optimum 10¢ erposterel il 296 236 12,080

vitamin A

* These dogs were relieved of med{cation and allowed a recovery period of 146 dayse,
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adversely affected prematurs animsl in thair experisent.
e. The apparantly preater toxicity resulting from the noderacely
axcessive D pgiven in thelr experiment as compared to that described
in previous reports was probhably due ro the agreater Ca content of
the diet, the youth of the animals mnd the longer period of madication.
F. Yminante
1. In 1964, Fell at al. (1766) investigared poszible pathelogical effacta
of a high dcse of D3 to shasp. Flevan months befora alaughter, seven Blackface
sves were administered a mingle {.m. injection of oma million units of D3 in
2 =] sthyl cleste. Histological exsmination showed nom-calcified artericacleroric
inctimal leaions in two of the sheep. The other five had a mild, diffuse, wedial
fibroeis of the sortic wall. Since the authora postulated that the
artericaclerotic leaioma were due to vitamin D toxicity. they made the following
sindlar study to chack thelr observatiom.
Forty, one-year old healthy Blackface swe hopgs were divided inte three

groups and injected with Dj as shown in Table 34.

Table 34

Intactione of D3 to Shasp (L766)

No, of Blaughter: time after injection
Group LT Intramuscular injection 1 mom. & mos. & moa. E mos.
1l 16 1,000,000 unite vitamin 4 4 4 4

D3 dissclved in 2 ml
athy]l olaats {Robert
Young & Co, Ltd.)

2 B 500,000 vpdta vitamin D3 ~ & - &
in 1 w1 afhyl oleate

3 16 2 pl ethyl oleate 4 & 4 4

Microscopic examination showed diffuse Jesions in the aorta of all the
animalas injected wieh 1,000,800 units of DS‘ No lesions were found in the heart
and lumg. Localised arteriosclerotic lssioms were found in & number of both the
treatsd and control animals. The authors baliavad the diffuse changes in the
artarial wall were genuine pathclogical effects of tha D3 treatment.

2. In 1965, Packett and Coburn (4415} found that D added to the feed of
yearling sheep enhanced urolithiasia. A diet for fattening lambs was supplemantad

with DB’ 200 T per 1b of feed and fed to 13 Texas—-bred Ramhouillet wethers,
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Calculi were found mainly in the bladder of 12 of the lumbw. Thems were
ususlly fine, chalky particles but scew stones weighing sevaral milligrams
ware faund, Vitamln D produced the hiphest incidence of orolithiasip of six
experimental dietary supplementns.

G. Monkeys

In 19538, Kent et al. (3104) reported the clinfcal and pathological
obsarvations made on a monkey colomy aceidentelly fed excessive amounts of
Ca, P and I for abtout thres montha. Owing to an error in food manufacture,
558 monkeys (Macaca wulatta) were fed s diet which included 162,000 T.S,P.
unite of D per maimal per day, plue 3.5 g of Ca and 2.9 g of P daily. Once
the ervor was discovered, the animale were placed onm a lew D diat,

The ochearvaciona ware:

a. A greater than ususl Iincidence of upper respiratory Infection and
diarrhea.

b. Welght loas starting shortly after the inception of the high D diet,

C. An appreclable decrease in arythrocytes asnd hamoglobin during sand
after the period of excess D intake.

d. No clianges in the long bones.

e. Characteristic leelona consieting of calelum and iron deposits were
found more consistently in kidnevs than in any other tissue.

f. Lesions were aluc found in the lunge but not as regularly as in the
kidneya. These appearsed in the lungs of 23 of 39 soimals dying
between the 55th to 208th day.

g. Cardiac lesions seye potad in nipe of the animalzs which died between
the 55th and B&éth days, (Table 35 susmarizes the distribution of
caleium found in the kidneys, lung end hesrt}.

k. Hiceral deposits were also found in the aortas of 12 of 34 animals
dying between the 55th and 140th dawys.

1. Next to Tenal involvemsnt, the earliest snd moat common svidetce of
calcification was found in the salivary glande of 27 out of 43
animals dving betwasn the 47th and 226ch days.

}. The first lesiona mppeared after 28 days on the diet containing
excessive D. FReally severs lasions wers noted after 55 days,

k. In about one month after termination of the hiph D diet, the surviving
animels appeared in good health. After a your fow lazions wers pean,

E. Humans
1, 1In 1%37, Steck ot al. {(5512) observed the effects of nassive dosas
of D given to humsne. The experiment wam carried out with 773 aubjects ranging
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Table 35
Matribution of Calcium Daposits in Resrt, Xidnays, and Lunge (3104)

Organ

213+

551

S+

dpiwmal Nuysher
c-4 5% X=7

113

61+

Haart

Lefc vantricle
Apex
Basa
Hiddle

Right wventricle
Apex
Base

Ileft aerium

Bight atrium

o+ 4o ﬁ;

o oH0

.t+1 Fii

o o000

F 3
+ &+

ﬂtﬂb
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* 0o
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ik

++

- T - - -

+ +

o000 " +

Q

LT = I - ]
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Right
Left
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Right
left

Middle
Right
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-

Z S N 3

11§t i

S EEE IS

t1 ft it
AR
i
ML IR $:

It ¥1 1%

S NS 3.

+ +

+ +

Lemg

Upper lecbe
Bight
Lafe

Middle lobe
Right
Left

Lowrer lobe
Right
Lefe

i i i

If ++ $$

Fr t1 1§
tt tt 1t

tf 11 $¢t
tF o+ t#

++ ++

+ +

TP I3 1%

+ 4+

+ o+

+ +

*The quantity of calciuwm was estimated on the basis of the amount of black
pracipitate in the voo Kossa atained secclons: +-H = most eevare calcification

noted in a given orgam, +H, +, + = 75, 50, 25 parcent of the maxisum,
MTissne ot avallable Ffor examination.
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in age from 17 to 76 who wears administered dally dosas of more than 100,000
uwnitas of D for periods ranging from seven days to five years, The atatus of
the test subjects ix shows in Table 36 snd the incidence of the toxicity at
sach dosage range 18 shown in Tahle 37.
Tha authers noted that they determinad from additional stariseien tha
order of decreasing susceptibility among the different groups of patients was:
arthritie, normal subjects, hay fever alone, hay fever with astlmm, tetany.
Some observations were: -
a. The shortest period of administration producing toxicity in tha
group on 3,000-5,000 unita/kg/day was A7 deys {pee Table 37}.

b. In the group om 6,000-7,000 unfts/kg/day, the shorteat period for
toxicity to develep was 60 days (see Table 37).

¢, The authors cowld not reconcile their findinge of 2 low incidence
of roxieiry with thoese of another study around the sams rima reporting
100 toxicity ip 22 human subjects administered oassive doses of D,

d. Older subjects wers not szasily made toxic but when toxicity occurred
they recovered lema well apd developed sensitivity to D.

The authors cautioned that massive dosss of Tt ghould only be takan under
& doctor's supervieion and discontinued at the first signa of toxieity. (Ses
Eiological Data pp.38~% for a similar experiment by these authore with dogs.)

2. In 1943 Ziskin et al. (g375) took demtal radiographs of eight patients
suffering from rheumatodd arthricis before and sfter administration of 300,000
IV of D {Ertreomn) daily. The dossge schedule is summarized in Table 38, No
appreciable change with respect te pulp stome formation was seen. For a
similar study with rats by the same ressarchers see p. 66.

3. 1In 1948 Cogan et al. (1074) reported five cases of vitamin D poisoning.

. In the first caae the patient ({male, 27 years old) had taken 500,000
upits of D per week for four ysars. Serum Ca levels were elevatad {12.6 mg),
the npn level was 52 mg and Pi 4.3 g, eves showved a typlceal band keratopathy,

smd after death sutopsy revealed nephrecalcinosis.

b. In the second case the patient (female, 37 years old) had caken 100,000
uplts of D daily for five years. Serum Cu levels were fpund to be 10.2 to 14.4
og, npn 50 to 70 mg, and Pi 4.8 to 6.3 mp. The ayes showed superficial cormeal
opacitiss sand the conjunctivas showed numercus, presumahly caleific, fine
opacities.
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Tabie 36. Scatus of ??3 Human Subjecte Who Received More

than 100,000 inits of I Natly (5521)

Male Famale
Total No. No. Toxice Parcent Total Ro. Ko, Toxic Parcent
Postoperative tetamy 2 0 0 15 & 26,4
Hay favar smad asthma 178 13 7.3 322 24 1.4
Arthritie 43 5 11,6 107 11 9.4
Misiellansous 12 1 a.3 23 i3
Normal subjacts 63 1 1.5 8 12.5
298 20 6,7 &75 43 9

Tutll Bﬁjects .i.ill..l.i“'l."??‘a
iiiiiiiii *aww bwdr b 53

Humber toxic
Parcent toxic

8
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Table 3/
Incidence of Toxicity at Each Range of Dosage (3521}

Ho, Toxie at
Unite/kg/day No. any Stage Parcant Toxie
1,500-3,000 5 3 100
3,000-5%,000 555 25 4.5
6,000-7,000 123 18 14.6
8,080-15 ,000 70 1l 15.7
15,000-25,000 16 3 18.8
25,000-35,000 4 1 . 25. ...
773 63 2+
Tahle 38

Vitamin D* Dosage of Rheumaroid Arthxitic Patients (5376)

Total Uosage
Period (Days Batween

Patient Age Sax Total Unit Dosage Radiographa)
J.H. 33 Famala 41,700,000 153
H.8, 47 Femzle 68,250,000 231
C.P. 71 Fomale 29,150,000 103
V.B. 53 Famale 34,550,000 121
E.W. 29 Female £2,250 000 218
I.R. 61 Pemale 48,950,060 169
L.T. 45 nle 63,750,000 215
1.F. 48 Female 67,250,700 230

Note: 1In 3 cases the first set of radtographs was tsken a few dayw after
tnaticuting therapy.

*Ertron
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c., In the third case the patisnt {famale, 70 ysars of age) had teken
150,000 units of D daily for six momths slong with Iarge smounts of milk.

Bar sarum Ca level wan 11.7 to 13.9 mg, npn 41 to 66 mg and ?1 4.3 to 5.3 =mg.
The ayas showed 2 definite type of apacity in the palpabral fissure extending
to 2 or 3 =m from the limbus.

d. In the fourth case the patient {malae, £5 years old) had takea 300,000
mits of D daily for twe to thres years. His serum Cz2 value was 11.6 to 15,2
mg, opn 45 mg and Pi 4.3 to 5.2 ng. The eyes showed a typical band of suparficial
opacities in the palpsbral fissure of both corneuas.

‘e. In the fifth case the patient (femala, 55 years old) had taken 300,000
units of D daily for two-and-a~haif montha along with large quantities of milk.
Thet serum Ca level was found to be 13.4 ng, npn 62 ag and Pi 5.7 ng.
Rosntgenograme showed calcification of soft tissues about the hande, shoulders,
back and knees, Exsmination of tha ayss showed bilateral snd symmetric
opacification of the nasal snd temporal portioms of the paralimbal cornea in
the palpebral fiasure.

The authors considered that the npn sod Pl lavals in the blood indicated
Tenal insuffieiency in all of the patients., All of the patients were hypercalcemic
and had band keratopathy. The domes of D taken ramgad from 100,000 to 500,000
units daily for pericde from two-snd-a-half montha to five years,

4, In 1948 Debré (1344 reported en 21 casss, two fatal, of D overdosage
in children. In both fatal cases (20 apd 15 montha), the infants had received
11,200,000 and 18,200,000 units of L, raspectively, When 3,000,000 te 6,000,000
units were given the toxicity wan less sevare. In one non-fatal case, the child
had hemiplegia with a ssrious mental deficiency. In twoe other cases in which
thare was sericus nervous trouble, the blood pressure wae extremely hiph,

The anthor concluded from his eclinical observations of all his cases that
rénal and cavebral impairment were the Cwo wsin dangers of U taxicity fn
childres, o

$. TIn 1948 Roward and Mayer (2793) reportad the cases of 11 patients
intoxicated by administration of I preparations., Ona patisnt became hyparcalcemic
after only 14 days administration of 306,000 IU calciferol. The patisnts ranged
from 33 ko 62 years old, five wales and sixz females. The domes given ranped
from 150,000 to 600,000 ID, Toxic symptoms were seen anywhere frow two to 18
months after onset of thavapy. Even thsugh the patient receiving the highest
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dome, 600,000 IU, became 11l sarliest, there was no other correlation betwaen
dosa size and apnaarance of symptoom. (Sas Table 39 for details of the case
histories).

The authers noted the cutstanding symptoma of the D intoxication to be
fatigue, weight loss, anocexia, sod vomiring. The outstanding clinical aigns
were impairment of renal fupetion and deganarative lesioms with wicarious
caleification such as "band karatitfs". In all cases npn (46-100 mg per cc)
and serum Ca (12.4 cto 15.1 mg per 100 cc) were slevated. The suthors pointed
out that there was a wide variatiom in sensitivicy of patienté to the various
I drugs administered: Ertron, Davitin, Dalsol, Deltalin, Darthronal, all of
which contained 50,000 IU D par capaule, |

6, In 1949, Stanbury (5488) reported a case of D polsoning. A 36 year
old woman with rheunatold arthritis recelved 100,000 ecnits of D daily for three
wapgks, seven months before hespitalization. She had also been taking for'a
month four tablets daily of a vitsmin preparation containing 25,000 units of
D per tablet prior to admission. Her blood Ca waa found to be considerably
alevated, 13.7 ng per 100 ec, Tha P was 3,97 and the APase 3 wnits . Band
keracizis vas found in har eysa,

X-rays showed considerably mors calcification of the cartilaginous
structure, particularly in the costal cartilsge and the thyroid cartilages,
than could be expected for a MS«=ymar old person. The hypercalcemia was
attributed by Dr, Bernard G. Stall, the attending physician, to the 100,000
mites of D taken by the woman. '

It waa also considered surprising char the sffects of the poisoning
continued ag long a5 two weeks after the msdicarion was stopped, thus indicating
that the affect was not transitory but that the damage could continue long
after the drug was atopped. '

One phyafciap, Or. Harian W. Eopes, recommended that since D is toxit!:: te
a faixr percanctage of peopla but the symptome are not recognized until damage is
dona, no ona should take excessively high U doses.

7. In 1950 Eyde and Richmond (2B32) reported the effect of large doses of
D given to & 12-year-old with rheumatolid arthritis over a pericd of five and
one-half years. The dosage given daily by mouth was 100,000 to 150,000 USP
wmite of a proprietary irvadiated argeaterol.

105



901

Table 39. Case Histories of Patients with D Intoxication (2793)

rSErum values after omission of medication: initital and-fullm-qd
: Total
; i Hp Ca P Cl Prot., Alb. Glob.

Case i Preesanting Features : mg £ mg i mpg T mRg/L miqfL Gm % Gm % Gme ¥ ! Alb. RBC Castae

Initial OUrinalysis

Case 1. J.0.| Weight loss-20 1bs, | Imitial 52 139 4.0 - —_ 6.2 4.2 2.0 2+ ¢! G
JHI#IZ6002 in 6 mos., Ancorexia |After 3 wka., —~- 11,6 &0 == — - - - 2+ O

W™ 38 weakneas and fatigue
Javsea mnd vomicing
2 wka, do zenito—

. urinary complaints.
Jo anesia - hgb.

i 13.1 G,

Cage 2. J.5.! Weight loss-40 1bs. {Initial 8% 13.6 4.6 29.2 101.6 6.7 &7 2.0 | M+ 0 Occ. hyal. &
JHI#E 19594 in 6 moa., Anorexia gran.,
WM 54 woakness and vague (Afrer 2 wks. 27 11.4 3,1 27.6 10D.0 4.5 - - I+ 0 Oce. hyel, &
abdomsinal pain, EEEn.
Nauees and voeiting |After 2 mos. 33 10.4 3.0 ~ - 7.1 - -— 0 0 0

3 mns. Nocturia
{3X) For & mos.
Anemia-hgh, 9.0 Gm.
BRC 3.61; Ht, 28
{mderoeytic hypo-
chromic)

Cape 3, W.C. | Helght losa-30 1bm. |Initial 73 15.1 5.2 28.7 98.5 6.6 4,6 2,0 i+ 0 Oce. hyal,
JHA$H 21206 in 3 mow., Anorexia 5 cant

W F 65 wesknass and indi~ (After 3 uks. 43 12,7 3.6 - —-— 7.0 —+ - 0 ]

geation 2-3 mow.
Naspes and wvomiting
2 wox. Mocturis 2-
IX. Sevare backache
apd joint paine 6
wvke. Slight ssmemia .
hzbh, 12.0 Gm. REBC ' ' o
4.4, Et. 36 {normo— o
cytic normochromic)
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Table 39 {cont.)

focturia (4-6%) 1
yr. Anemia - hgb,

5.8 Cm. REC 3.63.
i Bt. 27 (mlerocytic

| vpochrondc)

-
i Serum values afrer omigsion of medication: initital and follow-up
Total : Initial Urinalysisz
NPN Ca P O Cl  Prot. Alb, Glob,

Came Presenting Features . mg T mg X me X mEq/L nEq/L Gm X Gaf Gm ¥ |Alb. RBC Castp
Cage &, A.W.| Weight loss-30 1bs. !Initial 62 8.3 4,6 295 1016 7.0 4.3 2.7 1+ ¢ Dceo, gran,
JHt#1949 39 in 1 yr. Weakness caat
WM 59 and fatlpgue. Nausea | After 1 mo. 62 13.9 L R - 7.4 —_— - I+ 0 1]

and wvomiting {(perl- After 3 mos. A8 13.3 4.2 — - 7.4 —- - 2+ 0 0

odic) 4 mos, GenerallAfter 17 mos. 46 12,2 2.5 25,4 108.1 6.9 - - 1+ a 0

pruritis 4 mos. Afcer b mos, 30 10,6 2.6 22,8 —_ 7.9 —_ _— 4] 0 0

Polydipsia, poly-

uria ad nocturia

{(4-5X) & woa,

Apania - Dgb. 8.6

Gm. REC 3.2 Br., 23

{(sdcrocytic hypo-

chromic)
Cage 5. F.H.| Welght lossa-25 lbe. |[Initial G4 13,6 319 25,4 1N7.0 7.1 4.5 2.6 0 ] n
JiaiF16 8084 in 6 mos. Weakneas [After &4 mom, 40 10.1 2.2 27.f 9.4 1.4 - - o 0 ]
W F a4 aw] fatipus. Naosea

mnd vomiting € mom.

{ ¥o genito-urinary

complaints, Ameais

heb. 10.5 Gu. EBC

*‘in- h- “

{mtcrocyric hypo-

chromic)
Came 6. L.5.{ Slight weight loss |Initial 57 1.9 3.5 28.7 197.0 7.0 - — 0 0 Occ, hyal,
Jt#4)4 730 4 lbs. Marked indi- _ cast
W F545 | gastion, navesa and |After 3 wks, 45 11.0 3.2 — — 7.0 - -

! wmiting. Headaches !|After 3 wmon, » 1.8 32 - - 7.0 - -
weakness and fatigue [After 6§ moa. 39 11,1 3.6 — - 7.1 -~ -
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Serum values after omiassion of medication: initital snd follow-up
Total : Initial Urinalysie
PN Ca P €Oy €1  Prot. Alb. Glob,
Case Pregenting Features g 2 sl wx 7 aEq/L nfe/L m3¥ Gm¥% Cm X |Alb. RN Casts
Cane 7, M.D.| 5light welight loas Initial 53 13.6 3. g = —— 6.8 6.9 1.9 Tr ] 0
JHE #446 60 2 5 1bs. No G.I. symp-| After 2 mos, 43 11.5 3.6 — — 6.8 -— - 0 ¢ o
W F &3 toms. Fetigue and
wveainesa . Gaperal
pruritis duaring
wit. D peried.
Sitght polyuria:
left kfdney ye-
woved 183 me. pre-
vioosly ad was
polycyatic {other
Xidiway sald to be
noewal) . Anedp—
hgh. 9.2 G=, BBC
1.33 {(sormecytic
normochromie)}

Case 5. J.B.| Wadght losa-10 lbs. | Initial 75
Patient of 6 mos. Mo naupes or | After 1D days 56
Dr. W.A. wmd ting. Petifoe After § days 35
Baetier and wegkness, markedi After 11 mos. 49
L] frequaney, polyuris
polydipeia, nocturia)
b mos. Anamia — hyb
1].1 Gm. RBC 4.2,
0. 31 {microcytic
hypochramic)

P H
I

2.7

PR, SR,
hd k)

H
L b=l O EN

BRGR
b
Py

Case 9. W.K, | Ho weight loss, Initial 16 17
Patient of Anorexia, fatigwe Afcer 3 wke., 37 9
bxr. C.R. and waskness. In- After 4 mos, 30 8.
T A trian tractable nausea 2 - iAfter 11 wmw. 37 10
¥ X 62 wks. Wocturis snd |

frequency. Anemia |
hgb., 70Z. RBC 3.76 |

gﬁgm tic normo-

i

b
Pt
o
£ o
>
W
i
ok
L
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Table 39 {(cont.)
- !
' Setun values after omission of medication: initital and folleow-up

Total : Initial Urinalysis
! HPR  Ca P C0p ClL  Prot. Alb, Glob.

Cane | Pregenting Features mg % sz X me I mEad/L wEQfL Gm T Sm ¥ Gm ¥ |Alb., REC Casta
Case 10, D.M. Ko weight loss. Initial 53 13.7 5.0 -- - 6.2 4.8 1.4 Tr 1] 0
Patient of Naugen and wvomiting ! After 1 mo. -  l4.4 5.6 - — 7.0 - —_— — - -
De. J.H. 2 yrs, Fatipue and | After 3 mos. -—- 13.5 4.5 — - 7.9 - - Tr 0 O
Treacher weskneass ., Sore ayes | After 6 mos, —— .2 2.8 - — - — — — —_ -
WF 33 for 2 yeu. Nocturia

6 mon, Anemia - hgb
13.4 Gm, BBC 3.6.
Ht. ¥ {(normccytic
norymochromic)
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Table 39 {comt.)

Langth of . Turatiom of
' i time vic, D | SYRp EOuS
; B.P. Vic. D | taken before when
' ™, nreparation | sYmptomns [ diagnosis Renal funetion:
Case . He and domage ‘ apneared establiished initial snd follow-up
: i T
Came 1. J,0, | 135/85 | 150,000 uwnits datly |3 1/2 mos. 16 days Fishberg: 1.010
JEHRIBR00Z | ! for 4 mos, “Ertron” PSP: 287
WM 56 ! . { Urea eclearance: 387 & 20%
Case 2. J.5. ' 160/90 i 300,000 units daily 4 mos. 2 ma. Mahbergs: 1,017
JEi#419594 | In 2 wks.| for & mom. "Davitin" | PSP: 152
W M54 i fell ta | i After 2 wits., PSP: 45%
i 1570 i After 2 mog., PSP: BIX
- ! Pishberg: 1.014
1 ] Brea clearance: 34Y & 52X
Case 3. W.C. | 158/88 | 200,000 units daily 15 mos. 2 mos. PSP: 157
JHH#421206 | In 3 wks. for 18 mos, "Deltalin”™ Fishberg: 1.010
WF&S | fell to : Urea clearames: 162 & 11%
: 120 /80 i After 3 vke., P5P: 222
i ; Fighberg: 1.012
Case 4. AW, ‘ 110/70 500,000 unite daily 18 mom. Calcium |4 wos. PSP: 10%
JTH#194939 for 18 mos., storned denosits noticed Fishherg: 1.018
WM ‘ 4 mon. bafore sdwin— 4n shin at 13} moa, Brea clearsnce: 147 & 26%
¢ ajon "Ertron” ' After J mos., PSP: 16X
| ] After 1) wom,, PSP: 33X
i Uxes clearsnce: 40% & 427
lr After 16 mon,. PSP: 182
. T -
Case S, F.H, - 122/78 | Dosage mot accuratelv 12 mos. 6 mos. PSP: 0%
JHR #16 8084 determined, Apnrox, Fishberg: 1.N2F
% F 40 | 150,000 units Qaily After &4 mos., PSP: 30%
| for 12 mos. "Ertron"
| & "Daxthronal”




Tebie W (cont.)

. Doration of

Tt

Length of
time vit. D synptoms
B.P. ¥ic. D taken before when
. preparation syrmptoms diasnesis Renal fumction:
Case He and donage arneared established inicial and follew-un
Case 6. L.S, 170 /85 400,000 wnits daily 10 mos, 6-8 wks. PSP; 257
JHH$4 14730 In 3 wka, | for 17 mos. "Pavicin® Mahberg: 1.014
W F 54 fell ta After 3 wk=., PSP: 28X
140 /80 After 3 mom., PSP: 55
After 6 moa., PSP: &7
Fi{shbers: 1.022
Gase 7. M,D, 120/74 600,000 units daily 6 wkan, 2 win. PSF: 5%
JHBF444602 for 2 mos. "halsol" Fishberg: 1.010
W ¥ &8 | Aftar 2 mos., PSP: 207
Flahberg: 1.012 o
Cape 8. J.B, 120/80 300,007 units daily 12 moa. 6 mos. 4 PSP: 9%
Patient of Dr. {irrex.} for 1R wos. MHehberg: 1,010
W.A. Baetjer "Exrtron" After 2 wks., PSP: 40%
WM 45 | Mshharp: 1,011
| After 11 mog., PSP: 58%
Mahbere: 1,018
Came 9. WK, 204 f30 300,000 units daily 4 1/2 mom, 2 wks, Fishbare: 1.011
Patient of Dr. for 5 mom, "Deltalin” Urea clesrance: 217 & 16X
D.R. Magtrian Afcter 11 wmos,, P5P: 57X
WM 562 !
Cane 10. D.M, | 120/89 200,000 to 400,000 2 yrs. Sorenesg | 2 yra. Ho inftial renmal function test,

Patient of Dr,
J.H, Treachsr
HF M

unlts daily for 4

. yrs. "Ertrom"

of eyes noted

Ffirat

After 3 mos., BRF: 222
After 7 mos., PEP: 25%
After 3 mos., PSP: &5%
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Table 39 {comt.)

Length of time for symptoms

Matastatic to subside following
Case calcification withdrasal of vit. D

Cawe 1. J.0. Nene found. Improved considerably during hospital stay. Ro

JERPIR6002 further follow—up.

W M56

Case 2. J.5. - Cornea & confunctivar cnly. Reces— | Practically complete return to well-befnp in 2 wks,

Jan# 419594 sion of cryetals in 1 mo. Rand Reaunea perniated for 2 wks. After 2 mos., all eymptoms

W H 54 . kersatitis leas but peraisting. pone; welght gain, return of alarimess & strength.,
Moderate anemda persiste.

Case 3. W.C. Cornea & contunctivae only. Ho Marked pyoprtomatic imrovessst durdng her 3-wk. hos-

Ju¥ 21206 follow-up examination. pltalisation. Vomiting atopned inmediately, backache

W ¥ 65 dizsappeared; welight gain of 3 lbs. Bo further follow—up
ebtained.

Case . AW.  Cornea & conjunctivae, nail beds, Syantone mipnimal. Servm calcium normal in 20 moa.

JREF 1949239 lips, skin of hande mmd face. Ranal insufficiency persists.

WH5 Recencion of cxleificationa In

. 16 wmowm.

Case 5. F.H.  Conjunctivae ottly. Recession of Improvenent very definite after Fivst sdmimaiom, At

JUHFLSBOAS - poniunctival crystals in § mon, & mon. follow-upr there were no complaints,

Wr A

Case 6. L.5.  Conjunctivaes only. Haceselion of Improvement not immediate but by 3 mos. nocturia had

JEHEA14T30 conjunctival crystals in 6 wmoa. lessened; gastro-intestinal symptoms were sbated ex-

W F 5& : cept for slight p.c. discomfort; soomda smrkedly im—
provad. Exsacerbation of sxthritis 4 mos. after wit. D
atopped. o

Case 7. M.D. ' Cornea & conjunctivae only. No General well-beaing;: anemia and pruritis 211 graatly

JHHI&46602 improved 2 mos. after vit. D was atopped,

 follow—up examination.

TIGil -1



there wvas s revarsible increase in Soma demsfty with severe calcinosia and
renal failuras, |

17, In 1962 Migrin et al. (426¢ ) veported 11 cases of refractory
hypophosphatemic rickets all of which had been treated with large doses of D.
Ristological exsmination showed patechy distribution of incratubular Ca depositwe
either in the form of obatructing casta or as ssall pearticles and dilatation
of tubules. Calcification was found in all ceses except one. The suthors
concluded that irreversible renal chenges could result with large doees of D,
daspite constant surveillance.

18. In 1963 Cuthbertson (1257 ) reported the D content of the sera of Il
children with idiopathic hypercaleemis ss compared to plasma samples from healthy
children. The results showed that the D lavels for patients with the disease,
eithar in wmild or severe form, did not differ from sach other or from those of
the controla. '

19. In 1964 Black {0589 ) reviewsd the relationship of D to idiopathie
hyparcalcemis snd compared the clinical pathology resulting frow D overdosage
to that of idicpathic hypeveslcenia noting similaritiea. Thres cames in
which overdosage with D produssd a clinical picture similay teo that of
gevere hypercalcamia are sumsgrized in Tsble 41, The significance of D
sctivity in the serum ims discussed. Some data from case histories are
summarized in Table 42.

In concluaion the mithor notad that consideration of the facte concerning
D toxtcity 1s necessary in sxamining national policies concerned with the
fortification of wilks with vitamin D, as well as in the study of the current
use snd abuse of D by the medical profassion and the gensral publie.

20. In 1964, Deluca {1320), reported on 12 infants betwesn the ages of
7 and 30 months intoxicated by D overdosage. Tha cases are mmmarized in
Tabla 43. The laboratory tests confirming the clinical sipna of D intoxication
are summarized in Tablea &3, 44 and 45,

In 10 of the 12 cases discussed, a claarcut picture of renal tubular
acidosis was eatablished. The doses adeinistered were from 48,000 IU to
200,000 IU daily with a total dossge batwean 1,200,000 and 10,000 _ 000 IU.

The authors considered the daily dose more mignificant with respsct to effect
on the clinical pieture than the total dosse. The suthors noted the presence
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Table 39 (cont.)
Length of time for symptoms -
Metastatic to subside followinp
Case calecification withdrawal of vit. D
Case 3. J1.B. Cornea & conjunctivae only. No In 2 wks. patient had marked return to well-being.

Patient of Dr.
W.A. Baetjer
WM&

follow-up examination.

Especially notable was return of strength. Arthritis
remained quiescent. Anemia persisted for a while but
was completely gone at 11 mos.

Case 9, W.K.
Patient of Dr.
D.R. Austrian
W62

None found.

In 4 days nausea had disappeared. In 1 wk. patient
wvas asymptomatic. Anemia persisted but gradually im-
proved and was gone at 1l mos. There was return of
arthralgia and objective joint swelling within 10
days after vit. D stopped. °

Case 10. D.M.
Patient of Dr.
J.H. Trescher
WF 33

‘tival involvement still present at

Cornea & conjunctivae. Conjunc-

5 mos. No further follow-up.

Within 1 mo. dramatic improvement in well-being.
Joints bothered patient less. Eyes much better with
loss of soreness. Anemia gradually improved in 9 mos.

e
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Some of the symptoms of D intoxication observed were anorexia, vomiting,
polydipsia, polyuria, and nocturia; ealcification of blood vessels, periafticulat
soft tissue, conjunctivas, and corneas; hypertenasion, hyperteunsive retinopathy,
and renal insufficiency.

There was some amelioration of these symptoms after discontinuance of D
therapy but after two years, renal function showed no significant improvement.
The authors considered this was indicative of irreversible kidney damage.

8. Adams (0025) reported the case of a 40-year old man with uremia .
caused by D poisoning. The patient appeared to have severe chronic renal .
impairment but none of the symptoms usually associated with renal disease,
Questioning of the patient brought out that he had been taking 200,000 unitl
of D daily for six months which had been prescribed for shoulder pain.

The main symptoms were: increased fatigue and weakness, polydipsia and
polyuria, nitrogen retention and a high blood calcium. The patient improved
after the D was stopped. The author noted that the case was reported in order
to emphasize the d#nget of D overdosage and its possible cause of uremia and
hypercalcemia.

9. 1In 1951 Chaplin et al. (0972) reviewed 111 cases of D intoxication in
the literature and reported on seven additional cases at their hospital. All
seven patients had taken D preparations (over 50,000 IU to 300,000 IU daily)
before admission for periods ranging from three weeks to six years.

The authors consistently found "band keratitis' and metastatic calcium
cysts. They expressed concern about the intake of iarge quantities of D by
vitamin-habituated individuals as well as the need for medical surveillance
vhen massive doses of D are prescribed.

10. In 1951 Medical Grand Rounds (5487) presented the case of a woman,

59 years old, with a mental disorientation along with other symptoms. For
the previous six weeks to two months, she had been taking a vitamin preparation
after meals containing 50,000 units of D per capsule for a total of 150,000

units per day. Other symptoms were: elevated serum Ca, alkalosis, high coz,
Ig high npn and serum P, corneal opacification and diminished renal functiom.

One of the discussants, Dr. Allan Butler, considered most of the picture to be
Ig typical of D intoxication. The patient improved mentally and generally after
B
f

medication was stopped. !
1
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11. In 1954 Creery (1213) described 16 cases of idiopathic hypercalcenia.
An estimate of the D intake from diet and supplementation showed that: two
infants had about 700 IU daily, six had 1100 to 1600 IU daily, seven had 1800
to 2400 IU daily and one had 3200 along with a high Ca intake. Table 40
summarizes the cases. In all but two, initial examination of the serum showed

. a Ca level above 12 mg per 100 ml, and in some cases it was as high as 16 to
17 mg per 100 ml. The blood urea was almost always elevated. ,

_ Rad:lography showed in 12 cases transverse bands of increased density at
the metaphyseal margins of the lower ends of the radius and ulna in the wrists

with a similar appearance in the metacarpals in some instances. In eight cases,
E a sinilar appearance was notad in the femur and tibia. 1ilo calcification of the
kidneys was observed.

The author noted that the only constant etiological factor was a hizh Ca
intake from early infancy, usually associated with a more than adequate amount
of D in the diet.

12. In 1957, Scharfman and Propp (5061) reported the cases of ‘our patients
with normocytic normochromic anemia which was resistant to treatment wio had
taken 50,000 to 150,000 units of vitamin D daily for years. They found these

 patients all had symptbms of D intoxication and some degree of renal impairment.
The authors concluded that anemia was almost always nresent with D excess.

13. In 1957 Bongiovanni et al. (0656) described three cases of "“idiopathic
hypercalcemia of infancy, with failure to thrive'. According to them, the
syndrome had first been described by Lightwood in 1932 and was so named by him
in 1952 after Fanconi and Butler had presented further cases. The ayndr&w
was common in Britain, but rare in America. |

a. The authors gave a description of the syndrome (see paper),
enphasizing increased Ca retention and iwmpaired kidney function. v

b. They inferred D to be a major cause. Either there were hypersen;sitiviti.es
to ordinary doses, or recommended doses were too high '

The authors' own cases each had received over 19700 IU/day, and they
recommended in summary that 400-500 IU/day should not be exceeded.

14. In 1959 Smith et al. (5381) reported a case of prolonged hypercalcemia.
A five-year old patient was hospitalized for severe idiopathic hypercalcemia
first seen at ten months in a mild form. Vitamin D intake was about 1400 IU
per day until 18 months, 1500 IU per day until 5 years and 4400 IU per day one
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B_1\ )} 8 ) 8] B 8 ) R B ) &8} 81 & B-1 @31 8 ] 8- &7
; .
Summary of the Cases (1213) ;
) o Fol i
Duration Highest Highest Last _l%g '
to serum— blood- ‘ knowm  |known i
Age at clipical | calcium urea o serum- |[blood-
Age at recogni-~ | recavery (mg. per (mg. per }Duration calcium | urea :
Case| onset tion (wos.) | 100 ml.) |100 ml.) | (mos.) (ng. per{(mg. per|
n0. | (mos.) {mos.) ' 100 m1.) |100 m1.) | Stature Other remarks
1 11/2° 17 18 16 35 18 10.3 30 Average Mentally retarded (not
: ' , P ' connected with illness ?)
2 3 ' 13 13 15.9 121 18 12.8 49.7 | Below Secondary rise in serum-
' , o Average calcium age 27 months
3 9 12 4 13 33 - 12 8.7 k> ] Below Average = ..
4 4 7 11 16.8 92.6 9 - 12 45 - |Average @ .o
5 [irth 17 22 12.3 39 6 11.2 | 30.3 |Average .
6 2 13 16 14.2 61 3 11.7 43 Average  Urinary infection at
: height © follow-up
: : ‘ Underweight
7 8 12 8 13.8 43 5 - "~ 10.6 46.4 |Slightly Anaemic at follow-up
_ ‘ - below © (62%)
8 7 14 14 12.5 46 1 11 28.5 |Average Recurrent tonsillar
height sepsis
: Underweight
9 | 3172 7 1 . 14.5 96 6 11.7 | 43  |Average  Ansemic at follow-up
: height = - (562)
: ) Underweight .o
10 | 11/2 6 7 13.1 52 61/2. 11.7 37.5 |Below average
u 5 11 .o u-s m X Yy ee H .. ' I“t mt ot
12 71/2 7 1/2 1 . 14.7 78 3 12.3 . 32 Average .e
13 |5 9 1/2 .o 14.4 98.5 .o e o b e Remains in active stage
14 6 11 6 14.1 46.4 1 11.4 36.4 |Average height .o
15 8 10 . 17.3 100 . .e . .o Remains in active stage
16 5 8 . 17.5 105 e .o on . Remains in active stage




 month beforelhospitalization. The D levels in the serum were 23 units/ml of

plasma (normal value is 0.66 to 1.65 units/ml). Roentgenograms showed |

" demineralization of the long bones. After discontinuation of supplemental D ;

and a diet low in Ca, the concentrations of Ca and D in the serum gradually
returned to normal over an 18 month period. The impairment of renal functiom,

- an intelligence defect and a perceptive hearing defect showed no 1mprovem¢at2

15. In 1960 Lehrer and Levitt (3433 ) reported two cases in which D

%3htoxicati6n'ﬁas'ai§6éiatédmiiihiii'orsiﬁih"iﬁﬁtal syndrome. Two patients

(females aged 48 and 67) had taken 100,000 IU daily for six weeks and six years
respectively. The younget woman had an elevated blood Ca and was lethatgié,
confused and disoriented. When placed on a low Ca diet the confusion gradually
disappeared. The older woman showed severe memory loss, disorientation and '
confusion becoming dull and apathetic with symptoms of nervous system
dysfunction. Serum Ca was found to be 15.8 mg %, X-ray examination chdu;d
considerable demineralization of the long bones, pelvis and hands. Along;with
takiﬁg the 100,000 units of D, this batient ate large quantities of sour cream.

After being placed on & low Ca diet, the patient's Ca level fell to 12.0
mg %, with a virtually complete subsidence of the organic mental syndrome.

16. In 1961 DeWind (1466 ) reported a case of excess ingestion of D by
a boy which wvas accompanied by a severe degree of osteosclerosis. A five-
and-a-half year old boy had ingested large quantities of D for one year after
a rickets diagnosis. Radiographs showed generalized increase in bone dengity
and no evidence of rickets. D dosage was discontinued. One year later
however, there was a spectacular decrease in overall bone density (1466 ):
At this time there was no evidence of renal failure. The child died shortly
thereafter. Autopsy showed extensive calcification in the coronary artery,
lungs, gastric glands, adrenal glands and kidney. The bone marrow showed
osteoporosis.

The suthor attributed the severe calcinosis and fatal remnal failure to
the presence of a constant steady stream of Ca from bone to bloodstream as
a result 6f the prompt reversal of bone demsity when D therapy was discontinued.
The author attributed the quantitative increase of bone mineral initially seen
to the excessive ingestion of D. He concluded that this case demonstrated
that as a result of ingestion of large quantities of D over a year by a child,
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there was a reversible increase in bone density with severe calcinosis and
renal failure. ' |

17. In 1962 Nigrin et al. (4269 ) reported 1l cases of refractory
hypophosphatemic rickets all of which had been treated with large doses of D.
Histological examination showed patchy distribution of intratubular Ca deposits
either in the form of obstructing casts or as small particles and dilatation
of tubules. Calcification was found in all cases except one. The authors
concluded that irreversible renal changes could result with large doses of D,
despite constant surveillance.

18. In 1963 Cuthbertson (1257 ) reported the D content of the sera of 11
children with idiopathic hypercalcemia as compared to plasma samples from healthy
children. The results showed that the D levels for patients with the disease,
either in mild or severe form, did not differ from each other or from those of
the controls. '

19. In 1964 Black (0589 ) Teviewed the relationship of D to idicpathic
hypercalcemia and compared the clinical pathology resulting from D overdosage
to that of idiopathic hypercalcemia noting similsrities. Three cases in
which overdosage with D produced a clinicalhpicture similar to that of
severe hypercalcemia are susmarized in Table 41. The significance of D
activity in the serum is discussed. Some data from case histories are
sunmarized in Table 42.

In conclusion the author noted that consideration of the facts concerning
D toxicity is necessary in examining national policies concerned with the
fortification of milks with vitamin D, as well as in the study of the current
use and abuse of D by the medical profession and the general public.

20. In 1964, DeLuca (1320), reported on 12 infants between the ages of
7 and 30 months intoxicated by D overdosage. The cases are summarized in
Table 43. The laboratory tests confirming the clinical signs of D intoxication
are summarized in Tables 43, 44 and 45.

In 10 of the 12 cases discussed, a clearcut picture of renal tubular
acidosis was established. The doses administered were from 48,000 IU to -
200,000 IU daily with a total dosage between 1,200,000 and 10,000,000 IU.’

The authors considered the daily dose more significant with respect to effect
on the clinical picture than the total dose. The authors noted the presence
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Tapie &1

Capen of Bypercelcaemia Fezultine from Large Doses of Vitamin D (058%)

Cane®

Typical symptoms

Facias

Sgquint

Mantal Batavdariom
Oetaoesclerouds

Systolic wurmgr

li ?i

Eypsrcalcasmia

Eaised blood ares

Sarmm cholssterol
Symptome after giving Vitawin D
Total doss of witawin D

= O =L

Sy

17520

+ 4+

310 mg.2
Tou
2,000,000 I.D. "D"

Perind of treatwent with vitamin D (age in weeks or soaths) §/12—20/12

ﬂ+ﬂﬂuﬂ+++

200=216 mg
Tas
&0 mg. D
{1,600, 000
&/52—11/

X

f.5.)
12

+ w0+ +

o
£
L
-

95

+ +

485 ng.1
Yas
6, 800, 000 I-E-D3

4/12--10/12

*Case 1. Lang and Eiardt (31), Case 2.

Xorsnyf (30), Case 3. Aseon (1).



DIT

Cases of Idiopathic: Hypercalcasmia

Tabr 42

« Vtamin D Assays on Serum $1589)

Vitamin D assay

Period

Authors Vitamin D intake Clinical type reasults withoot vitamin D
TU per ml.
f *
Lang & Elaprdt (31} Excesslve Severe type 4 2 mouths
hyparcalcasmis 2.5 8 somtha
Fellars (15} Normel Sevars LYpe 10 o
hyparcalcussia 19 18 sonthe
Fellers (16) Norsal Ssware Lype 20 0
hypercalesesia 20 36 momths
<2 26 momthe
Sxith, Blizsard, and 1500 untts daily, Severs CLyps 23 1]
Barrison (47) thaa &,400 wnics trypareslosewmia 5 § mouths
daily for 1 month 2 21 waths
bafore admissiomn
Schmid, Just & 300,000 IU Mild typs 1.75 Not stated
Stalder (45) 2 sowths before hypurcalcasmia
admisgion &
300,000 IV
just bafore
adulsnion
Hovels & Staphan (25) Not stared Interwadiate 3.6 Not staced
hypercalcaamis
Thomes Morgas Connor, Mot stated Hi1a** "Sormal® Bot stated
Baddock, Bills (2 cupas)
& Howard (51)
Cuthberteon (11) 1350 M1d 2.9 0
2000 Miid .0 3 days
1000 miid 1.5 6 days
Cuthbertson (14) Hot wtated nid 2.0 7 days
2500 Mld 2.1 3 1/2 veska
13003000 Mild 1.4
1500 Sewvere 2.0 0
2.0 12 days
1000 Severse 1.7 3 wasks
3000 Severe 2.0 3 1/2 wecks
1706} Severe &, 0 6-1/2 montha

*Prubnbly a cage of vitemin ' overdomage

**5

erum obtained from 2 cases in Britmim (Mitchell—personal commmication).



Table 43 (1320)

121

Symptoms which led patient to our observation

Chaervation Purpone Doasa of
Yit. D S T ol & N o .
M Date of of administered K ® o @@ o E ¥ g E_&E g Personality
Fame, sex, age admisgion to g%g&guéﬂgggnﬁﬁ
hospital preascriprion Total per day § “ 2 ;ﬂﬁ L H 'g % o = changes
mg  me g k4
£ 32tk
1) Zz.E. 1-9=195% “Tonic 120 1.2 + + + + + + + +
F. 13 mo.
2) B.M. 1-7-1959 Tonic X0 § + + + H ¥ + 4+ + +
¥F. 10 =n.
d» cC.b 20-8-1960 Antirschitogenic 250 1.5 + + + + + + + &+ + + Slaepiness
F, 1 yr., {prevemtion of
vickets)
4y P.&. 15-10-1960 Prewantion of 30 2.5 + + + ++ + + + + + Instablilicy
M, 9 a0, rachitopenis
(rickets) cetany
5) Z.P. 16~-7=-1961 Pravemtion of 1os 2 + + + = o+ 4+ + + Instability
M, 2 yr. rachitagentis
{rickats) tetany
&) C.G. 1-3-1963 ancirschirogenic 150 1.6 + + + 4+ = o+ o+ + + Ingtability
M, 10 ms. prophylaxis
{prevention of
ricketa)
7y M.G. 27-3=-1%63 Tomic 50 1.7 + + + + + + + + + Restlessness
F, 1 yr.
8 C.AM. 17-4-1963 Tomic 50 1.6 + + + + + + + + + Reatleswnass
F, 7 mo,
9% N.A. 5=-6~1963 Tonic 25 1.5 + + + H o+ + + + Rest] epymeys

¥, 1 yr., 1 mo.

and instability



Table 43 {cont'd)

Symptoms which led patient to our uh:matiun
Obeervation Purpose Domer of

L] L] o Rt o L] [ ] L]
e » 22 EE.° fifiEde:
M Date of of administered § g & « £ o g A ey _g Pargonality
Name, sex, age adpigsion to % b E g-f E‘é L] ﬁ % -a w-u-& a
hoepital prescription total per day = A s & 2 ¥ B ﬁﬁ - changes
W ug “ £3 ELE
10}y c.N. 1-7-1963 Tomie, 60 1.5 + 4+ + = o+ 4+ + *  Restlessnessa
F, 1 yr. 1 mo. anrirachitogenic
prophylaxis
(prevenction of
rickets)
11y C.M. 10-7-1963 Tonic 60 1.5 + + + + +H + + + + Restlessness
F, 1 yr.
o
M 12) M.L. 26=7-19563 Tonic 76.5 1.7 + + + + H o+ + o+ Apathy

M, 2 yr. 4 mo. + durab.
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Table 43 {comt'd)

HBubryological — a e
classification % & ., . S, Alkalinizarfon O F Therapy Evolution
Came hintory data of E E © - ! [ teal L
Toni-Gobanai ol 4 o B 3
{Genca madia) - A = B
1) Cystitts; Maternal feeding 108/75 + Neg. Favorable
convulsive
Him
2} Cystitis Maternal fesding 105775 + Neg. Pavorshle
3) Cysticis Parents related Pachisomdia 125475 Rag. + Alkaliring Favorasble
by blood, rehydration
satarasal fesding agsmt Favorable
4) Comvolaiwe Materne] fesding Typosomlia 95/55 + Nep. - Alkalizing Favorehle
crimen rehydration
agent
3) Coowulsive Matarnal feading ¥leronomis BOf55 + + Nag. + Alkalixing Faworahle
crises mebhydration
agent
6} Cyatitis Maternal feading  Hyposomia 90/55 + + HNeg. + Alkatizing Pavorable
: rehydration
agent
7} Personalicy Maternal feeding  Nanism, 80/50 + + DNep, Pathological - Alkaliriog Favorable
changes leprosmuts result mehydration
agent +
DesanetASODS

treatwmt {1) -



Teble 43 (comt'd)

o
Ewbryological - L 3 ®
classification 85 . B,  Alkalinization §§ Therspy Evolution
Cage history data of -l v o wosx test 2
Toni-Gobessi £y A B o
{Cenos media) = . (5 A g
8) Cystitis Maternal feeding Typocaomia B5/55 + 4+ Neg, Pathological + Alkalising Favorabla
Tesult rehydration
agsnt +
Dessamtazone
traatent (7?)
9} Cyatitis Matarnal feeding Hacroleptosomia 95/60 + + Reg. - Adkslizing Fewnrable
vahydration
ageat
0} Toxicoses Maternal feeding Hypersomia 105/70 + - Neg. Puthological - Alkaliring Fxvorahle
result rehwiration
sgent
Daasmetazone
treatoent (1)
1) Persenality Maternal feeding Typoaonisa 9nfe5 + - Yeg. + Alkalizing Favorable
changes rahydration
agent +
Demges tAZODS
treatment (1)
2) Permonality Maternal feeding Typosomin B5/50 + ~ Heg. Within normal - Alkalirzing Favorahle
changes limits rehydration

agent

b



Alkali - Elsctraphoresls
o phosphatases Choluxgar- Gly- Tokal
Case p. Ca B X Fa cl Rewerves A Arotsmiy olanin  cemiz A C TR Wit Tre-
e — . _teins
13 13.4 4.5 =— — - — — 32 . ——— e o
2 17 4.9 13.5 340 331 50 13 25 130 — T
3} 13 4.5 — . 50 - @ 21 > LoD o o
4) n.4s 51 -— _ _— 38 [ 6 - — mm ae e ee e oan
5 11.5 &.8 == _— - aa B 24 _ _— = e e —
6) 107 4.2 — - - &l 3 0 - _— - A
7 125 3.2 5 —— 55 33 P 16 215 n35 4 1 1F 1% 14 0.95 5.8
8} 10.35 4.7 15 305 381 15 M 13 o i Y1 13 16 0.85 5.8
9 11,15 5.3 - @ — - 42 15 21 — A A T 128 Ak e
ig} i:-ﬂ!r 3.2 17 2R5 549 an i 2 196 T.1% 47 7 1r 1§ 13 &.28 7.2
12: 1!}.: 4.5 — - _— 4] T 24 Kkl == 4h 7 Is 15 11 o0.3% 7.4%
N 2,8 - _— _— £} ? i) 1a% — 50 ] 12 12 21 1 5.85
Blogd Chemieal Date Befarrine to Cach Case Are Reportad
H
3
LF) ]
Table 45
ioresis Urina density PR of urina Mboadaoein Trina sadi- Ca urine P urine Mg urine % urime Cl wrine
Coage Moy, ccfié hr. 24 har 24 hoor 2i hoar ment 26 howr X h 24 b 4 h 24 h 24 h
1 1014 [ . +
2 - 10048 8 — L 152 2500
1 1m* 1008 7 - + 250
& 10 1004 3 - =
L] 1700 1006 ] _— —— 231
& 1900 1004 ] — — mo 340 2710 610
7 1850 1004 B _— —_— %8 130 1824 BLD 1E0G
.1 1000* 1011 B b + 240 1630 121 GRO 1914
9 100 7 _ —_— 361
10 110" 1067 s + + 215 1267 1590 390 zgg
11. 1750 100% 8 + + j21 614 mnn 342
12 1200 7 — p— 190

#Tha daca listsd In the tahle ate partial figures, due to tha fact that

patisnta.

a tomplete collaction of urlne wes not poaxible in wiew of tha age of the



of psychological disturbances in all the casea® two had convulsions and ten
sxhibited charactar disturbances.

Gne fact pointed ocut by the authors was that 10 of the 12 cases occurred
during the sprior and swmmer, when they postulated that there 18 & greater
sndogenoue arposterol and caleifersl production owing to increased W
trradiatios, thus lessening the requirement for exogenous D.

21. In 1965 Coleman (1083) reported having found electrocardiographic
changes in patientes with infantile hyparcalcemia. He conaldered these changea
ay indicative of left ventricular myocardial damage. He produced experimental
lesione of the aortic wall and of mural endecardium by giving high m, and n3
doses to young rabbita (for details see p. 77 ).

The suthor’s conclusions were:

a. The possibility existed that congenital endocardial fibroelastosis

an! the nyocardial lesion of fibrocystic disemae of the pmmereas
were related to D.

b. The persistence of infentila hypercalcemix and the pompmibility of

residual cardiovesculsr lesions wera dimquieting.

¢. Rasponsible inquiry should be made into the nature of auch resldual

effects and thelr relative Iimportance.

22, 1n 1%66, Bauren at al. (0526 } preaented a clinieal report without
laboratery date coneerning 37 children in Germany with supravalvular aortie
atenoaia (SAS), all of whom glso had pulmonary artery stancses. In thie latter
group were 22 with the typical facies of hypercalcemia and mental retardatioen.
These patients had received repeated magsive Tt deses, pometimes as hiph as
&00,000 JU. Eleven more patients had a generalized hypoplasia of the aortic
and pulmopary arteries, Tha suthors peinted out that the numher of patients
suffaring from hypercalcemia or D hypercalcemic cardievascular disease was
relatively high in Germany and grester than in countries where more physiological
prevention of rickets was practised.

In 1967, A Comeinsion of the Cerman Pedfatric Seciety (5153 ) studied this
mnd other reports and concluded the followling:

a. SAS syndrome including both the demcribed external and vascular changes

did exist.

b. There appsared to be a connecticn between this syndrome and the severe

form of i1diopathic hypercalcemis.
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c. There may be a constitutlonal hypsrsensitivity tosrards D in some
children snd their mothers.

d. B5A° has been Found in some offwprinp of pregnant mipals adminietered
toxic D domes,

a. It had not been confirmed (in 1967) that a relationship exiated batween
this ayndrome and massive D doses for prevention of rickets,

f. In those individuals having s hypersensitivity to D, sny adninistration
of this vitamin could contribute to the development of the syndrome
during pregnsncy and after birth.

g. It would be desirabla to have & test for detecting individual
hypersenaitivity te D,

h. Centinuous thexapeutie (500 to 1000 IU) doses of D are praferabla
to single massive doses for riekets prevention in infanta.

1. The margin betwesn a therapeutic and toxic dose of D is enly five-
fold in ratas.

4. No opinion was arrived at concerning addition of D ro milk for
rickats prevention.

23. In 1966 Taussig (5703 ) reviewved idiopathic hypercalcemia of infante,
drewing attention to aspects that had been mentioned but not emphasized by
predesessors including Bonglovanni et al. (0656 ), Cardiac murmur without
apparent pathology hed been part of the syndrome: patholegy was now identified
am SAS. Taussipg sugpestsd that this might reflect a congenital malformatien.
apsociated with D-hypersennitivity. The author concluded with a plea to
physicians to avold giving smounts of D that were unneceseary and might be
harmful,

24. In 1968 Anderson et al. (0090 ) reported the cases of two patients
suffering from depressive symptoms resulting from D intoxication. In one case
s wommn (65 years old) with a previous history of manic-deprassive paychosia
was given 150,000 1IU of caleiferel datly. Before D intoxicatiom was diapnosed.
she became depressive, developed & toxic confusional conditionm with hypernatremia
and hypokalemia. After D was stopped, thers was a dramatic improvement:
plasma calefum fell and she rnpidiy regained conscloumness. Elevern days later
she appeared normal and was not depresaed.

In the second case a man {73 vears 0ld) was put in a peychiatric hospictal
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for manic-depressive paychosis/depreasive resction. He had been treated for
two years for csteomalacia with 600 mg calcivm gluconate twice dailv and
100,000 TU calciferol daily, There wes rapid improvement once the Ca and D
wers withdrawn with a disappearance of hie depreamion and hypochandriacal
delusions.

The asuthors considered that in their two patiente with a known hiatory
of manic-depreasive psychosis, the return of thair depressive symptoms
shortly betore the appearsnce of physical symptoma of D intoxiecation,
together with the rapid improvement in their depression after treatment, .
suggested that D intoxication may have baen important in precipicating and
naintaining the depression to which thay were both predisposed.
with D refractory rickets treated with high D dossges for long perieds. In
order to regulate the vitsmin dosage, the parients and their parents were.
taught to recognize the early clinical sysptome of hypercalcemla. The initial
oral dose of D was 25.000 to 50,000 TU/day. The dosage used to produce
optimal healing was between 50,000 amd 250,000 IU/day. The incidence of
hypercalceaia spimodes and the degrees of hyparcaleemia are shown in Table 46,

Each of nine patients had 2 single episode of D intoxication., Upon
disgnosis, D therapy was either veduced or temporarily stopped. In ome casa
it took ten days for the gperum Ca to return to normal' aenother patient, the
enly one in the series who had a history of previoux severe and protracted D
intoxication, had impaired renml funetiom, chromie pyelonephritis. Calciuvm
deposits were seen with light microscopy.

Each of the 13 other patients in the seriea had normal renal funetiom.
Thim led the suthors to conclude that if carsfully controllad, long-term D
therapy can be relatively safe. They pointed ocut that an increase of the
serum Ca level above the upper limit of normal when freguently and accurately
datermined, provides a relisble signal of D toxieity.

26. In 1970 Cabriel et sl. (2009 ) reported the case of a voman with anemia
and renal failure due to D toxicity. Tiw mein synptoms were & reduction in
renal function and an 15-month history of an unexplainahle variable anemia,
7-10 /100 ml. Plaema Ca was 14.5 mp/100 ml, P, 3.6 mg /00 ml with a urinary
Ca of 325 mpfday.

i

128



Tabl (4473)

&6I1

Type of Chrenological + Dowe of
refractory Le Hefight ape vitamin D
Sax Histoxy No. Tickats (reare) (ysars) {I-U-fdl;]
1 M 183471 Aminoaciduria 16 12 12 50, 000-70, 000
2 ¥ 247040 Aminoariduria 15 nif2 75,000-100, 000
3 P 246412 Simple 16 12 172 50, 000-175,D00
{ntoppad at
age 14 yr.)
4 F 253813 Simple 15 11 1/2 100, 000-125,000
5 | 198426 Simpls 14 172 11 75, 000100, 000
[ M 271139 Eimpla 11 1/2 9 1/2 75, 000-100, 000
7 F 436138 Stamie 13 1/2 10 1/2 1060, 000
8 M TS Simple n 8 100,000-125, 000
9 M 2011 Rirple i1 1/2 & 1/2 1m,nun-u5,mu
10 ¥ 256997 *impls iz 112 1 172 75, 000-100., 000
1t ) 4 317480 Simple 12 1/2 T 1/2 150,000
12 M 395252 Amtnoaciduria 7 112 6 25, 000-50, 000
13 F 398432 Simple 7 5 25, 000~-50, 000
1é ¥ 523188 Stwmple 14 5 254,000
Rormal valuan

*
Abbraviatiema for types of refractory rickets: asfmple = vitamin I} refractory rickets of the simple trplﬁ’ -

+m:l.mc:l.durin = yitamin

From data of Stuart, H. C., &t. al., Department of Maternal end Child Health, Hervard School of Poblic

7

Bostom, MA



Tatle &6 . _ont'd)

tharapy Serum Cal Seruyn P} phosphatase’
Case (resry) (mg/100 ml) -
1 1% 9.3 2.2 k 1
2 12 1/2 9.0 3.9 12
k| 12 2.9 1.2 1
4 11 1/2 2.6 1.2 15
5 10 1/2 9.4 2.5 »n
b 31/2 2.0 2.9 a5
ot 7 2 1/2 3.4 2.3 18
=
8 g L 2.7 26
9 Ed 10.0 3.0 m
10 B 1/2 9.3 2.5 17
11 g 9.6 2.1 16
12 6 1/2 9,0 5.2 18
13 6 9.7 2.6 14
14 11/2 9.3 1.8 19
2.0=10.5% 3.0-5.5 10-20

Sarus alkaline

Gag/100 wl) (€A undcel _  mvpercalcemic episodes

Age b ¥x.:
returned

Ape 5 vr.:

Aom 6 wT.:
returned

Age 12 yr.:
raturned

Age 1] yr.:

Age 6 yr.:

Age & yr.:
Teturned

Ape 14 mn.:
Taturned

Age 1 yr.:

o .
Ca 16,6 wg/l00 ml had

to normal 1ir & mo.

A gipple Ca of 17.R me /100 m?

Cea 15.7 mpfi0N m] had
to normal in 6 =0,

Ca 14.1 =p /100 =1 had
to noreel in 4 wo,

L
a single Ca of 11.2 og/100 ml
0
a single Ca of 11.1 mg/100 wml

Ca 14.3 mp/100 nl had
to normal in 1 mo.

0

Ca 15.8 mg/)?0 ml had
to normal in 10 days

sevate, protracted

hypercaleemia (see text)

0

1 Mesn values on treatment.

D dependent ricketg with aminvaciduria,

T, 27

A



The patient's history showed that for tha previcus 7-8 years she had
ragularly taken 100,000 IU of D daily, isitially prescribed for fingernail-
splitting. The D wasz withdrawn. The patient however, remained 111 and
daveloped a mental depression. Aftar one month of treztment, vhan the Ca levels
fsll teo normal, good health returnad, Beth the severe renal functional
impaivent, {function was one ¢uarter that of normal) sand the hemoglebin
concantration improved. The hematological improvemsot followed withdrawal of
D and occurred without soy haanatinics. The authors poatulated that hyper-
vitaminosis D was a divect or indirect ceuse of the anemia, possibly ascting
by intarfering with tha venal productien of some subatance affecting
arythropoieails or red call survival,

Tissue obtained from the kidney by nesdle bilopey did not show any Ca
deposits. There was no evidence of bons sclaromis and the akelaton was
radiclogically normal. The aurhors pointed out that D intoxication could
also be munifested as a neurppaychistyric problem,

27. In 1971 Lymb #f al. (3607) veported the caee of a l4-year-old girl
with chrenic pyelonephritis and azotemic rickets who waa given 18,000 IU of
ergocalciferol daily. Afeter four womths am an outpatient, her serum Ca waa
15.2 mp/100 ml and serum D pactivity was 72 I0/ml. The authors conaidersd
hypercalcemia at the dosage lavel upusual, Therefore they postulated chat the
patient was incorrectly given aix caleiferol teablets dally, esch containing
50,00 IU rather than 31,000 IU as had besan prescribed.

III. Loog-Term Studies

A. Mice

Robertson et al. (4854) studiad the effect of a soderate overdoss of D on
the growth rate and longeviry of tha white mouse. Two groups each of 36 male
white mice were fod on 2 mized dist, One group wvas additienally given 50
rat-unite of D dissolved in (.03 ml of olive ail daily. The other group which
acted as normal controls recefved only 0,05 mi of olive oil daily. The results
are susnarized in Tables 47 and 48.

It wens obeervad that:

a. From 90 wogka of age to death, there was no differsnce in the welghis

of the two groupa of animala.
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Table &7

A e

Group M. Contvols (4854)
Busber of Maan weight Probabla arror
Apinals Age in weeaks in Grapmsa in Grammes
25 100 30,14 «35
24 162 30.38 )]
23 104 30.50 « 6
22 106 30.66 w42
22 108 30.23 -39
22 110 29.86 42
22 112 29.30 +36
22 114 28,57 w2
19 116 28.97 .53
18 118 29,28 56
17 130 29,12 52
1? 122 28.94 k2
15 124 27.43 .57
13 126 27.88 .55
11 128 27.64 +88
11 130 26,86 « 73
9 132 27.8% .10
f 134 24.5612 .83
7 136 27.64 + B4
[ 138 25.813 .30
4 140 25.87 _—
3 142 25,17 —
3 154 24,50 —
2 146 28.25% —-—
2 148 28.7% ——
2 150 27.55 ——
2 152 25.75 ——
1 154 30.50 —
1 156 30.00 _—
1 154 34, 50 —
1 1a0 30.00 ——
1 162 34,59 —
1 164 31.00 ——
1 166 30.00 -
1 168 29,50 —
1 170 28.50 —
1 n 28.50 _—
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Group N, vitpuin D
Husbar of Hean weight Probabls error
Animaly Aga in weeks in Grammss in Oreawmes
26 100 30.30 « 34
24 102 31,02 Yy
2i 104 0.7 35
23 106 29,61 .54
21 108 an,n7? « 36
n 110 29.55 66
18 112 28,69 82
15 114 25.97 . 65
15 116 29.87 55
14 114 28,93 70
14 120 2B.89 .63
13 122 28.92 53
13 124 2B, 38 .53
13 126 27.17 .59
13 1186 28.46 .67
1] 130 28.08 52
1] 132 27.21 56
10 134 127.70 .59
9 134 27.72 52
8 138 26.87 56
] 140 28,23 1.08
5 142 28.40 1.01
5 Lk 27.30 —
4 158 26,62 -
& 148 26.12 ———
4 150 25.12 —
2 152 24.50 —
2 154 26,25 —
2 158 22.00 —
2 1640 21.00 —
1 162 24.00 ——
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Table 48
MORTALITY STATISTICS

{Avcidantal deaths sxcluded) (4854)

Parcentage of Syrvivors

At Age Croup M. Group N.
in Days Cogmtral vitawin D
200 10 100
230 100 100
304 100 100
350 100 1G0

400 100 87,1
450 100 97.1
S00 100 94.3
550 10 85.7
600 94.3 85.7
650 #82.9 82.9
700 71.% 74.3 -
750 62.9 62.9
800 60,0 42.9
850 A8. 6 37.1
890G 34.3 a8.6
850 20,0 28.5
1,000 11,4 14.3
1,058 5,7 11.4
1,100 5.7 5.7
1,150 2.9 0,0
1,2(K) 0.0

Moan Duratiom of Lifa
Group M BI3417 days
Group N Babi22 "
Msan Duration of Lifa of Mice still aliwve at 750 days
Gyoup M 924+1lié daye
Group B 920417 "
Maan Duratlon of Life of Mice dying before 750 daya
Group H 658+ 9 days
Group N 612%2] days

Uifferance batwesn M and N 46+23 daya
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b. The life span of the enioxls peceiving D was slightly less than that

of tha controla.

B. Rate

In 1929, Bille and Wiriek (0566} etudisd tha effecta of administering
activated erposterol to rats frem Infancy to old ags. The activated erposterol
solution used in most of these experiments was standardized to contain 100
times the D comtent of sverage cod liwer nil.

In the long-tern fesading experiments, activated ergosterol was adminiastered
to a total of 231 young rats (including controls) in dosss 103, 1000, 4000 and
40,000 timee grsater than the minimus antirachitic level.

Tt was observed that with respect to the paramaters of general appearance,
growth, reproduction, and resistance to respivatory infectione, the dose 100
timap greater, showed no effect: the 1000 times oveardosage wms Juat perceptibly
harnful : 4000 times overdosage was definitely injurious and 40,000 times
overdosage was strongly toxiea.

The authora concluded that the effecta of overdosage with activated
argosternl became evident when 5000 times the minimm antirachitic dose was
aministared over an extended perind.

C. Humans

In 1958 ¢1liman (2101} gave reasons for suspecting that human arteries
wire moat suscaptible to wmetabolic injuries during the first two years of 1ife,
regarding such Injuries as precyreors of adult atharoscleronia.

IV. Special Studien

A. YVerious Species {(Compsrative)

In 1931 Taylor et al. {(5716) studied the relative effects of excessive
dones of irradiated argosterv] fn diffarent specles.

a, Cata ware found to vespond leas raadily than doga
ta poisoning with irradiated arpostsrol.

b, Hats were fomd ro be even more repistant, Calculated on a walght
basis, a 300 g rat was resistant to & dose of irradiated
aTgosterol at least 100 times that producing a definite respomse in
dogs.

¢. Mice were foound to be someawhat less resistant than rats.

d. Rabbits were found to poseess a fairly high resistsnce to irradiated
ergostervl, surviving for 10 days on a daily doss at laast 10,000
times the antirachitic rat doaa, It was difficult to raise the serum
calcium lavel of rabbita with irradisted argosterol.
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¢. Gulopsa pigs ware found to be from two to three times as resistant to
the sction of irradiated argosteyol as Tabtits.

F. From sxpariosnts with chickens, it was toneluded chat when on a diet
in which the Ca-P ratic is spproximately norsal, fowl wers practically
ineune to the toxic sffects of ilrradisted srpostercl.

The suthore concluded from the comparisen of diffarent species, that for
thoss specles studlad -~ vata, chickeps, doge wnd hwamans —- the antirachitic
doss was of the amme order of magnitode: however, the tolerance to excessive
dosss varisd snormously. This is susmarized In Table 49, 50, The muthore
noted that there was clinical evidence that husans may share with doge a high
suscaptibilicy to irradiated ergostercl.

Table 49

Curative Doses of Irradisted Ergostercl, and Cod
Livar 041 in Different Specias (3716)

Irradiated Ergosterol Cod Liver 01l
Spacien Rat units par 100 grams BEat wmits per 100 grama
animal per dny animal per day
ht. Aap s EER 1+3 li?
mﬂm‘ XX} 1' 2 1"-2
mﬁl FRRA RN 1 1"‘2
Infants ,... Dosa prescribed wvaries 1-2
from 2-10

The valuss in both the foragoing tables are of necemsity
only approximate,

B. Mige

1. In 1936 Agduhy (0040) continued savlier investigations with wvhite
aics in which he fourd thet irradiated ergoatarol increased the facundity of
the animsls and that normsl sexual sctivity improved the Tesiatance of the
mica to the toxic effectas of large amounts of ergostercl.

This follow-up seriss wae cerriad osut as follows with a ctotal of 97 white
wice {52 males and 45 femalen) all fed a basal dier of whole wilk. bread and
Date:
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Table 50
Lethal Dopes of Irradlisted Frposperel (5716)

Irradiated Exrgosterol
Dose in rat units® per 100 gprams of animal

Species Tatal Daily

hts o FEFF SRS EEY RN S'NE'mo-.*!mn’nuu *’D|nnn

Mice (Young) ... 150 ,000- 200,000 50,000-75 , 00044
Chickena (5 mos.

old) ..isienne &00,000~ BOO,D00 25,000

cauper no apprecisble affect

Guinea-plga ..... . 150,000~ 200,040 B,000-10, 000
Rabbits ......... ‘ &0,000- 60,000 3,000=- 5,000
CAEN  cavvnncrnss - 8,000~ 10,000 600~ 1,200
[ 157 T & , ({0~ a,000 &00- 1,000
Infantl .aarsrcans 3 ?

* A ptandard Tat unit in teken am the minfmal daily mmount (75 ng) of a gond
average cod liver oil which will induce haaliag in a 60 g Tachlitic rat in
10 days. Tha potency of m preparatisn of frradiated ergosterpl is computed
upon this basis. Thus irvadiated stgostercl having a potency of 100 or
250 D has weight for weight 100 or 250 times veapectively the antirachitic
value of cod liver oil.

#d The toxlcity of irradiated ergosterc] depepds fo a large extent upon the
size of the daily dome as wall sa upen tha total amcunt given. In the
experiment which we have undertsken with this species a relatively larpe
daily dose was given. The survival time was consequently prabably shorter
than if smaller dowes had been given, The daily larhal dose 1s probably
considerably less than the figure given hers and the total lethal dose
uay be much grester,
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Seriss A and E: Each mouse received 200 pg daily of irradiatad ergoatercl p.o.
gertes C: Each mouse Tecaived 100 yg dailyof iryadiated srgostarel p.o,
Ssries D were controls.
The series A and C wice wers prevanted from normal saxual intercourse, wharmas
the saries B end D mice wara kapt together In male—female paira. The
sxperiments ard their resulte sye sussarized in Table 31.
Soms of the obeervations were:

a., In the seriez A mice (17 meles and 1] females), the mortality was
much bigher for tha asles then for the females (64.7 ve. /.M
respectively). Tha deaths were comsidared to be the result of
exgosterel toxicity.

b. In the serias C mice (21 wales and 18 femalen), the mortality wea
again much higher for the males than tha Females (47.5 va. 11.1X
raspactively}. Again death wms attributed to lemione caused by the
ergosterol.

c. In the series B mice (14 males and & females), only one male and
no females died during the sxparimsnt.

Soma of the conclusions dravm wers!

a. Male mice wers much more susceptible to irradisted argostarcl
grardosing than femsglas,

b. The larger dose {200 ug) of irradiated argosterol to ths paired mice
increased the nusher of pregnancies despite the lesions which wars
capsed hy the ergosterol.

The suthor noted that in a previous papar published in 1932 he had
reported an accelerated weight incresss in the pituitary gland of ergostarcl-
treated famales, but not i{n similarly trestad males. Fe also reported m
effect on the thyroid and parathyrpid glends, From this he concluded that the
{ncressed mortality in the ergosterol-dosed males as compared to the femalens
was the Tenult of a more savare endocrine disturbance which lowered their
regiptance to the toxicity of tha irradiated ergostercl. '

2. Tn 1942 Franciosi (1885) studied the blastomopenic effect of Dz. Three
sxperinents were carried put:

8. On altsrmace days for 6 to 11 months, 15 mics {specificationa not
given) were peinted with D,., Thres differant types of ueoplasms
(nesplastic lavksmic ly-ptjdum. woamary adgnoma, snd subcutaneous
spindla-call aarcoma) wera noted fn 207 of ths mice at points distant
from the treatwent site.

b. Another 15 mice received a dorsal a.c. injection of Dz. Aftar 11
months in 6.6% of the znimale, sn Ehrlich-type manmary adenocarcinoms
was found Iin a site distant from the injection site.

138



puatTamdse Bl
3o Bupuailien

1
Y mimo pov UM
m?liﬂ:éia

unm
~faudes wqa 3o
EIpRTE ¥Y1 e

Y.

Juwayzedia U3
Jo pus 41 ¥

1l
~Jawiead M3 o
J1E3¥ #1 IV

Bodywelghtn

3
FuemyIndse
#3 Jo qriue]

x

Tabla 51

. N}
«Ivdxw m|3 Jo ¥au
-ugfeq wygl T oy

dnoa® wp ut ok

¥R Jo IwMng 4O

WA~
_§o w3yE-FIw

Agp aed
owcom awd B

Ergosteral, lrrsdistad
with uicra-violet light

doaal #71 Jo TN

16, 11, 31

16, 11, M

16, 11, 11

23, M, 31
2%, 11, 3

1, iz
I, 32

12,
19,

o ] o -

284

152

165

235

38

290

243

290

272

3

23, 11, 3

a3 U, i

T, 12, 3%

T, 13, A

T, 11, 11

I P
2, R

2,

v o e e o

meriAn e

“gddqds

2T
zZ1o

iz

AEEARRRA

N N R ]

Ok B O B O

g

a8

]

gRANEHE

23k
I
1M

239A
b3, 0

249

139

AARRRARA
g g
dfgddg

e R R N ]

WL AD Y  ud
- . m m A &

L]

o e, ™

R K R ]
ok A A

ddendsge

RERREES
gRAARRES
Lo B § L. -5

w w4 3

ggagasss

CEEEEERE

13l
iy}
246
247
231
1518

A

Controls om the basal Jisc only:

3, 33
4 M
4, N
4, 13

8,
15,
22,

ol -

0,4
%,
25,
8,

g1
B.9
10,9

AREZ

I KR R

o4 e

P

NN

ik
28
LY}

0

23,

Comtrels oo the basal diet amd on the solveot:

20
ot

1k
159

27,8 26,4

1.3

240

Ladk



Tetle 51

The mice vare kapt

.ﬂ_.m:m_ =+
EFE
smmn w
FR EmE]
31
m-m Eﬂ..—.ln.z
£

'3 agnom asd
iwp 1l paaissad
(TTu~Aoe pauljal)
Juearor A3piuemndy

aiwd Saud
Fyl af zaylagof

piv> 3mEE Iyl

10 WOAI JUBING
—4FF Ul 1030 Yowua
wmoy; palwaadeyg

aflvs suwe a3y3 Jo0
TRGOI JURINZJTF UT
rITWE U] Jmyaiwdal
AT pUR 2THY

sTvma)
1a8d £311TPTARAY

M3 7o xequna eEwIRAy

o
JRamTIMXS Y]
o eiep efwiaay
4=

Animaln
dimt

sapm gl
Joawguny

|
|

1/15°
1/25
/23
if1s
1/23
1725 /

1/15

v - -

13

106
176
167
16%

= o Ll ]

=¥
-
-

L
\..'.:l.-..........l||.l..r
5555"”55
moppood
e R RN ]

e o e =y

140

1/50

o 2
. ————
\I.l.l..l..l-..in.!.lj E -
-y
~
¥
-
r~
T
.ﬂnlr...lll......-llrl.}_
m.ﬂ_mﬁ.ﬂ_ﬂ.ﬂ_ﬂ = ™
La) [l N RN ] YN
Ty T wy, Tmg, uy, wy T Ty Ty
ot o] e - —
ol o -
e e =] H o=
' uy
i -
- - o W

161
212

11
13
17&
225



-l 3

¢. Thers was 0o tumor formatien in 10 rats 26 monthe after z dorsal »,.c,
{njection of D,.

d. Im 30 controle after 18 months, an Fhrlich-tyne mammary carcinoma was
found in 3.3Z.

3. In 1957, Hisger (2529), tested the carcinogenicity of chaleaterol,
Previous experizents by the ssme ressarcher (1947, 1949 and 1954) had produced
evidence of cholesterol's carcinogenicicy,

Purified cholestarol was tested on 224 mice {S5tock or C537 strains)
divided imto three groups. The results are summarized in Table 52. It wae
observed that the sarcomas which developed in three of the mice kept in the
carcinogen—free Toom had an upusually ehert latency period for cholesterol-
induced tumors (5.5, 9 and 10 mon.). Another series of experimsmix wae
performed to show the results of injecting the ssme material in four separate
groupe of mice of the neme strain. The results are mmpmariged in Table 53.
The author concluded from the above results thet:

a, Absut 102 gurviving a minimum of one ywar developed sarcoms at the
injection eite.

b, Purification did not alter chalesterol's carcinogenicity.

Compounde related to chelestercl were almo tested. The results are shown
in Table 54, None of the atarols tested showed appreciable carcineogenic
sctivity., When the role aof the solvent was testad it was found that:

a. Only olly solutiona of cholasterol showed carcinogenic activity.

b. Cholestersl suspended in a 4% gelarin gel waes not found to be
carcinopenic,

g. Control eests with 700 mice treated witch heated olive oil or lead,
produced two Sarcomas. ’

The author concluded that the rele af the oil in choleaterol carcinogenasin
wae to emsura solutionm,

4. TIn 1974 Tashiian et al. (5699) studied the transplantable bone marcoms
of nice, Hsml. This tumor produces a bene-resorption factor that, in
culture, was found to enter the medivm snd to cause bone resorption in
co-cultured normal fragments. The factor waa isolatad, parc-purifisd, and
blossgayed, Its activity in vitro was found to be equivalent to those of PTH,
prostaglandins E1 and Ez, or 1,25~{DH}2—D; and 10-? to lﬂ'g
ware required for half-maxfmum resorption. Higher concentratrions were nesdad
of 25-0H-D, D ftaslf, PGA, PGB, or cAMP., The hyparcalcemisa wvasx transiently

eliminated in vive by indomethacin, a '1'-‘l1?rfE!2 inhibiter.

M comcantrations

141



Table 52

SARCOMA INDUCTION IN STOCK MICE BY HIGHLY PORIFIED CROLESTEROL
{SCHWENK PROCESS) IN OLIVE OTL (2529)

1 incidence
of sarcomes
per 100 mice
caleulated on
no. of mice
survival rate (months) no, of latent e ——
at —TT N gar— pariod " at at minimal
expt. location etart & % 12 15 18 21 24 27 Ccomas (mmiths) start latent
paxiod
1 'non—careinogen room' 109 107 102 (all mice kflled: epldemic) 3 81/2, 9, 12 —_— —_—
2 ‘'carrinogen Toom'" 115 90 B4 66 33 22 10 — - 11 9 1/2, 11, 11, 16, %35 14
17, 17, 1B, 20, 22,
22, 23
For comparison: a test + on stock mice in the 'carcinogen room' using commercial cholestervl in olive oil
3 'carcincgen room' 1M — — 75 &4 45 32 10 2 8 1, 12, 16, 16, 17, B 1o 7

20, 20, 24

'Fnr a detailed description of this term asee Hieger & Orr (1954).
figures for this experiment have been reportad previously (Hieger & Orr 1954),
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Table 53

BARCOMA THNDUCTION IN MICE BY INJECTION OF COMMERCTAL

CHOLESTEROL TN OLIVE OIL (2529)
SATCou
induction
calcaluted
par 100 mice
I/‘—\--._—-F'/.\lu.._,_r-"'._"\
oo, of no. of wice surviving (=onths) w. of at at latent
mouse nice ~~.  aar— atart iyr. period
expt. strain location AT mtart 6 9 12 15 18 21 24 27 30 comag () () (months)
1" ¢, oon-carci- 0 3 30 2 21 1% 9 3 1 — 1 -7 36 22
NoEEn rxom
2 {.‘.5? nog-careci- k7t 1o 10 10 L 7 7 5 {(3ax 25 1 33 10 23
Dhgen TOOM u.) epldanic
{all killed)
3 EST non-carci- 39 28 26 24 20 146 11+ ey idewic 3 -7 13 12, 14,
Dogen room {all kf1lad) i8
4 £y; carcinogen 75 62 4B &6 &0 26 15 3 B — & 5-5 B-7 21, 22,
Toom 2z, 23

EYT

3
+

Eleven mice were still alive in the 2lst month of thim experiment (no. 3).

This experiment was reported (Experiment A, Table V) by Hieger & Orr (1954).

There can hardly be any doubt that but
for the epidemic the percentage yvield of sarcomas would have heen still hipgher.



Table 54

TESTS FOR CARCTMDGENIL ACTIVITY OF COMPOINDS RELATED TO CROLESTEROL.
INJECTIORS WERE MADE SUBCUTAREOUSLY, REPRATEDLY (2529)

no. of pice at etart, and surviwing

during expt.
2t after no, of
BXpt. compound how adwminigtered gtart 1 yr. 18w 24m 2Tm 30m 33m SATrcOomAg
1 isoceholeaterol 1527 solution in lerd 10 9 5 4 0 - - 4]
2 isolwiarerol 15X solotion In Jard 1n 9 4 o - —_- - ]
3 cholesterylene (151} matuarated solution in lard 10 5 5 3 2z 1 — 0
cholestarylane 107 solution in lard 1D 9 7 2 1 0 = 1]
not parified
4 aTgeaterol 15% solution in lard 10 10 3 0 - — o
5 A-'cholestene 151 solutiom in lard 10 9 5 3 2 0 - 0
6 7-dshydrochnl- 157 solutiom in lard i0 10 7 2 2 O - 0
aatarecl
T=dehydrochol- 152 solution in lsvd 10 9 & 0 — -— - 0
sstercl +
7 #picholesterol 151 solution in lard 10 9 a 3 3 2 0 G
allocholestsrol
B 7-hydroxy-
cholssteral
{mixturs of 7
{uz) and 7 (B) 15% solution in Iard 20 14 ] 2 1 1 1 0
9 lathostarol 10% mplotion in olive pil 50 az 23 5 2 G - 0
10 deoxycholic
acid 12 suspengion in olive oil + *
tristearin {5:1) 73 34 2] e 1 0 — 1
11 Na—daoxy-
cholate 1.2 g cholesterol + 60 npg
deaxycholate + 12 g olive odl + +
tristearin 62 44 26 6 o —_— - 1
& =7

65? mouse u{ latent period; 21 months.

%Y

C_'i? mouse o, latent perilod; 18 aonths,



Thus these suthors found a hypercalcemis syndrome that was aasaciated
with malignant tumors and, spparently, with a prostaglandin, and they commented
that the poseible role of the prostaglandine in the atialogy of the
hyparcalcenia should ba studied. Ralationships of PTE and I* to this
hypercalcemls syndrome were not discusaed.

C. Rats

1. To 1956 Cillman and Gilbert (2099} umed 300 rats (220 male, 80 female)
aged 3-6 months to study the cardiovascular affecta of recrystallirzed purified
D2 dissolved in destearinated peanut oll and given orelly by dropper, in
dosea of 25,000 IU,

Five groups of rate were given 1, 2, 3, 4, or 5 daily domea. Tn each
group rats were killed 2, &, 8, 10, or 21 days later, and in the S5-dome proup,
addicional rate were killed wt 12-day intervala for 200 days. Tissues were
presarved in neutral formslin, and were tested histochemically for Fe, Ca,
l1ipids, and mucopolysaccharides.

A wide Tange of affects wes observed in aortss, coronaries, myocardias, and
valves:

a. In sortam, damage vas first seen in the sndothelia, media, or beth,
and further damage depmdad on whare it atarted. Calcificaticn was
cOommaT ,

b, 1In the coronaries, calcification was diffuse or local, and at worst
irvolved the entire vessel wall: In soma rats, dasage was as described
for the aortas, with or without subsequent cslcificaticn,

c. Myocardial findings siwmilar o the covonary findings were most
fraquent in the ssptum, tha base of the heart, below the epicardium,
the lafc ventricle, the endocardium, and the subendocardius.

d. The bases of the smortic snd pulmonary valves and the surfaces of the
mitral and trieuspid valves wera the main gites of valve damage, and
caleification wam unctmnon.

Sea the peper itself for detailsad descriptions of the lesions end their
progreass. '

To interpret their findings the suthora reviewed literature in several
languagee. In 1930 Dupuid had attributed vitmmin D-arteriosclerosis to
hypercalcenie induced by overdoses of the vitamin. However, in 1939 Reed.
Stnuck, and Steck had noted that high doses of D and high blood Ca and P
lsvals could each occur without the other: several other authors had added
that U could be toxic without raiming serum Ca.

The suthors concluded that despite these differsncem of data, the svidence
that overdoses of D could caleify soft tissues was overvhelming. dut was
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swbject to such individusl varistion. Thay beliaved that much but not all of
tha damage was sacondary to D-induced dsmage in the kidneys, but rewrsibility
of the vascular damage depended entivaly on raversal of kidoay damage.

In & long discussion on tha possible ralevance of vat findiugs to
atharogenasis in wam. the authors concluded that in detail rhair findings
pppaarad to be relsvemt. However, in man they pointed to sthnic "fundamental
diffarencas in calciom snd phosphorus metabolism detarmined by diat."

2. In 1960, Chinone (1024) atudied the histplogicwl changes in tha ovariea
of D deficisnt and D ovardcosad albipc rats. (See p.i22 and p150 for related
studien by (niva and Fudo respectively). Table 55 shows the histological
changes in [} deficlant immaturs vata, Tha authoy concluded thet D~deficiency
rasultad in atrophy of the ganitals with acoompanying reduction in sexual
function.

In the expariment with D ovardeosags the weights of ovaries of rats given
1000 IU oy 5000 IU of T were greater than those pf controls. Uteri in the
group giwen 10,000 TU! showsd & tendemecy to be ntvaphisd. The astroganic
sffect of D in women has been reported by Frasdmen (1920},

Tha suthor concluded that s small smount pf D atimulated follicular growth
cansing utarine thickening and scecelsration of ssxual funetion. A large,
long-tern dose however, caunsed fiyst s traneient stimulua but aventually caussd
tha genitals to atrophy and arrsasted sexual function completely,

3. o 1968, Ovnoy et al. (4389) $ovestigated the affect of hypsrvitmminosiw
nz on the mineral compapitiom of rat fetuasa, fetal bones and placentas
and on the maternal saruym lavels of Ca and F. A total of 24 pregnant and 12
nonprepuant alhinoe rata {180-220 g) were adminisrered 4000, 20,000 or 40,000
jL1) Dz in 1 ml nlivg ofl solutiop by intragasrric intubarion. Twelwe controls
recaivad only olive oil., The animals were divided into elght experimantal groups.
The exparimental resulta ars momnayized in Tables 56, 57, 58 and 539,

Tha ailgnificant results ware:

a. Animals which received 40,000 unite showed & statistically signifi{esnt
decramse of fatgl wet weight, ash weipght, and Ca and P contents (ses
Table 57),

b. Significant alteratioms in the compaaition of fetal bene wers produced
by 40,000 unite. The concentrations of heth Mg and P were conslderably
higher than rcontrols (Tabls 58}.

¢. Placental weight was reduced in the groups receiving 20,000 and
0,000 TU Dz {Table 59}.
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Tabl .

The Ovary of Non-Sterilized Immature Rate [oder D-Deficiency (1024)

No. of

Experi-

wmantal Saxual Blood Intexr— Initial Major Hedial Minor Closad

Animul Cycle Welght Veasel 8titium Follicles Follicles Follieclen PFollicles Pollieles Luteins

N B H k N | 4

The v 5l o 35.5 ¥ X + 2 1 3.5 2,5 7.3 & AVAT REE 12.5

cowery 52 [ i C -1 + h g 2 4.5 3 4 3.5 not mo many 11

mping~ 53 D 34.5 ) N ++ O 0 3 5.5 7 5 EVETARe 13

tion 54 D k] N H ++ 0 L] 2.5 & 5.5 5 not =0 many 11

roup 55 M 36 N | + ¥} 1 k | 3.5 & 4.5 not a0 many 10.5

The vit- 56 D 18.5 C denme = o 0 0.5 2.5 2.5 © BANY 0

amin D 57 N 33.5 | N + 4] L H 1.3 2 3 4.5 many 8.5

defici- 58 D 37 N N ++ 0.5 1 1.5 2,5 3.3 4 not B0 WMANY 11.5

omcy 59 D 33 C dasun e + o n 2 2.5 4 B nany 9

group &0 1} 13.5 C denge + 0 0 0 2.5 3 2 many £}
N = normal B = retroprade L = comgested
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The Effect of Hypervitasinoeis D_ on the Serum Level of Calcium and

Tahle 56

Phosphorus in Pragoscf and Nonpregnant Rats (4389)

Nogpregnant Pragnant
Treat- ¥a. of Ne. of
aent Tats Ca (mg¥) P (mg?) rats Ca (mgX) P {ngX)
1 nl clive oil 4 10.0 + 0,3% 6.4 +0.3 5 3.8+ 0.3 5.2 + 0.4
4,000 TU & 10.0 + 0.2 7.04+0.5 4 9.4 + 0.6 6.5 + 0.4
vitamin DZ
20,000 IV 4 14.5 + 0, 5.24 0.1 4 .3 + 0.3 6.7 + 0.5
vitamin I:l2
40,000, 1U, 12.5 + 0.4 7.8+0.8 7 10.2 £ 0.5 6.1 + 0.5
2
"Mean + SE,
Signiff{cant statistical differemces are shown by squars brackets.
Table 57
The Effuct of Hyparvirsminosis D, oo Wat Waight, Ash Weight,
Caleium snd Fhosphorus ant of Whole Yetuses (4389)
Ash waight (mg) Ca (mg) P_{mg)
Wat weight pay 100 per 100
Treat- No. of of fatumes Total psr 100 mg Total wmg wet Total BE
ment fetusss (mx) wet timaue tissue tissue
1ml a
olive oil 18 5,130 + 86 75.8 + 4.1 1.3 11.7 + 0.2 0.23 14.2 + 0.5 0.29
4,000 IU 12 5,195 + 77 80,3} + 1.6 1.55 11.0 % 0.7] 0.21 14.6 ¥ 0.2 0.28
AD, M) IV 18 2,514 + 58 33.6 + 0.9 1.33 4.3 + 0. 0,17 6.4 + 0.4 0.25

Svasn + SE.

S4gnificent statiscical differences ars shown by sguare bracksts.
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Tab.

The Effect of Byparvitaminosis D, oo the Wet Weight, Ash Ih:l.'bti Calciom,
Phoapborua and Magresiuh Contmit of Pooled Fetal Banes” (4389)

P Mg
Anh
Tramt- ¥o. of Wat weight Ash welght (X of wet Total Ash Total Amh Total Axh
et fetuses (mz) wetght) (.4 (mg) (% (mg) {%
1 »l olive oil 18 9.7 + l.ﬂb 2.44 + 0.22 25 0.64 +0.03 26 0,454 0.03 18 0.070 + 0.010 3
4,000 TO 12 B.B + 0.7 2,33 + 0.05 28 0.59 %#0.02 25 0.39+0.01 16 0.076 + 0.005 3
20,000 IT 12 9.3 + 1.0 2.23 + 0.05 24 D.66 +0.06 29 0.40+ 0.03 1% 0.080 4+ C.020 &
40,000 1T 24 6.0 + 01,9 0.88 + 0,11 15 0.22 +0.05 25 0.23 + 0.03 26 0.090 + 0.018 10
L1wo femurn, tiblas amd fibulas from ewvery fetug. hl!nnu*l- BE.
Sigoificant stetistical differences ars shomn by sgusre brackets.
fat
» Tahle 59
The Effact of Aypervitasizsais oo Placental Uatr Hefght, Ask Weight,
Calriom Fhosphorus Contsmt (§389)
Traat- ¥o. of Wat weipht Ash wadght Ca P
mant placentas (ng} (=g) {mg) (mg)
1 ml olive otl 15 437 + 10.4% 3.6 + 0.33 14 + 0,02 0.71 + 0.03
&, 000 IU 12 460 + 10.6 4.5 + 0.37 A9 + 0.04 0.87 + 0.03
20,000 IU 12 336 + 16.0 3.8 +0.17 17 + 0.01 0.72 + 0.04
&0,000 IU 24 331 + 15.0 2.8 4 0.30 11 + 0.02 0.62 + 0.1D
n&m __"t sEa *

Significant statistical differences are ghown by square brackats.



The authors concludad that their findinpgs supgested Dz may pass through
the placental harrier and directly alter the mineral compogition of fetal
bones .

4, In 1969, Kudo (3327) studied the effect of D defictency on the
sexual cycle and the motrphological tramsformation of the pltultaries, adrenals,
ovaries and uterf of wvhite rats (Wistar strain females, mature 170 g with
normal sexual cycles, and irmmature 40-5N g  clomed vapinas at hirth).
nz was administered daily for 20 days by injection at various deses (mee
original parer for experimental details),

Sirdlar experiments by Ondwa (4382) mnd Chinone (1024) are abatracted on
p. 222 and p.146, Xudo found his remulta in agresment with Oniwa’s renort
that D reinforced the extrogen effece,

Other findings in this sxpariment weve that in D-deficiency:

a, The rate of premgnancy and the survival rate of the fetus were reduced.

b. The ovary and uterus were also affected, the former atrophied and
the latter reduced in welght,

c., The anterior pituitary atyophied with a decrease in numher of &-celln,

d. A temporary functional aceslaration of the sdrenal cortex occurred
at the omset of the axperiment but later rthe function deteriorvated.

¢, There was marked atrophy of the ovaries.

f. The endocrine gland showed functional accelaratiom with a 106 IT
dose but at A doge of 100D IV a redoction in funetion was ohsetved,

5. Im 1969, Jones et al. (2976) studied the effect of tumor takes and
metasteaes in rate given DJ* The exparimentes were carried out with 11N male
150 g Sprague-Darlay rats of which £3 were thyroparathyroidectomized (TPT rats)
an follows:

Group E: Nermal ratm (26) adminiatersd 0.5 mi saline by s.c. injection.

Group I1: Normal rate (31} administered 20,0 TU water mcluble na per
injection in threa s.e, injections on alternate days.

Group III: TPT rate (23} sdministered 0.5 ml ealine,

Group TV: TPT tatse (4N) adniniatered na as in Group IT,

At the end of a weak 50 M0 Walker sarcoma cells in 1.5 nl saline were
injected into & peripheral masenteric wvein of each rat. The resules are shosm
in Table 60 and 61 and Fig, 4. The authors concluded that serum Ca in
the 5 mg/l00 ml ta 16 mg/l0N ml ranpe could not he correlmted with the
incidence of tumor takea.
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Table 60

Serum Calefum Lewels in Norwal {Croupms I and IT)
apd Thyroparathyroidectomized (CGroupa ITI
and IV) Rats Treated with Saline

{Croupa TI and IV) (2976)

Group I 1I TI1 Iv

Initial - - 5.26 5.71
serum (+0.14) (+0.18)
cAleium

Serum A.A8 11,3 6.76 10.87
calcium (+0.18) (+0.26) {(+0.27) {+0.34)
aftey

. LECAtmEDL
Tabls 6]

Incidence of Tumor Takes in Rate After
Intramssentaric Venous Injection of Walker
Sarcome. Nuwber of Takas/Total

Animals Inoculated (2976)

Group I I1 I1T v
Liver 10/ 15/51 B/23 13/40
{3B.41) (29.4%) (34.71) (32.5%)
Hesentery 14726 34/51 14/23 28f40
{531.8%) (66,.6%) {60, 8Y) (70.0%})
T N
. |

= T AR
-
=2

2y

zlﬂm )

fhowl TR R g o -1 WA W A
B L G g

Fig. 4. Serum ve. Tumor Takem (2976)
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6. In 1971, Haddad, Jr. et al. (2337) evaluate?! t'e metaholism and
placental tranafer af Dz and ES-HI{D.; in rata. Fomale Sprarue-Navwley rats
{ea, 18 davs of pestation) and their non-pregrant fermsle littar-raten
{numher not given) were injected in the jupular velin with eaither 1]_1-31’-.
(2.7 oar 5.8 I1) oy 25-(‘&11}3-3}1 {(L.7 TU) 4n 30 to 100 pl ethannl,

1t was observed that by 48 hours, almoat 2N of the injected doses
were found in the fetusan and 12.8% of the fetal radivactivity wae watar-
soluble (Ses Tahle 62).

The authors concluded that thelir data mugrested that the placental
trappfer for D, and its sactive hydroxylated mectabolite proceaded at corparshle

rates.
Tabhle K2
Paycent Injeactad Dosp st 48 Howre Following
Intravensua JH-Vicamin n, {2337)
T i o 1 i__- Polar
Hater-golubla | Peak T and I D..r H '1‘351'1{1113-31{ Tmtaholitesd
Blood
Nonpregnant n,50 n.n4 1.46 1.28 N, an
Pregnant 01.97 n.ag 1.59 N8R a,%4
Facal
compartment 12,83 i, 8n 3,68 1.5%4 1,52
Hater-splubla wetabolltes®® L Lipid=moluble metaholitask®
Urine
Jonpregnant 1.08 N.n9
Pregnant 0,40 f.09

* As defined by material vhich was wore polar than subatance{s} in the
pesk IV or 250H-DI region on the eilieic acid chromatogran.

*%  As defined followving the separation of the phases during the
chloroform-sethaol axtraction.
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D. Hamaters

In 1973 Rubin and Lavij (4941) examined whether carcinogenesis mirht be
influenced by Di and nﬂ‘ The model usad was carcinogenesis in the hamater
cheak pouch induced with 9,1N-dimethyl-l,2-benzanthracens (MEA), The basla
for this etudy was the assumption that competition occurs between MMBA and
vitamin D for active sites on the DHA,

Hale Syrian golden hampters {64, B-10 wks, 70-8" g) were painted on the
right cheek pouches with liquid paraffin solutiona of DMRA, nz. DE’ DA plus
b, or WEBA plue I, (for details see the original paper) fer sisht to ten
waake ,

The experirental results are summarized in Tabla 61, o tumore or other
pathological changes were found in the animals treated with D2 or 333 only.
An additional finding wasm that animals Tecsiving 1}2 .14 D.'] only lest weight
(Table &4&).

The authors poatulated that the mavked inhibition of DMBA carcinopenesin
in snirmals treated simultsnecusly with DMEA and nz or DE could he dues to
the induction of the synthesis of APama/CaBP cauaed by the D vitamina,

Table 63

Incidence of Chesk Pouch Carcinems In Hematers Treated
Topically with DMRA or with Combinations
of DNBA and Vitasdne D (4941)

Treatment Duraticne, lio. of No. of Total AyaTape
weeks animals animals na. of no. of
[ 1 4 with tumars tuencTa
start/ tumor in per treated
survivors group cheek pouch
DMBA 0.5% 8 20/13 13 75 5.8
DMBA 0,58 +
vitamin Dy 0.8% 8 12/10 2 2 0.2
PMEA 0.5% +
vitamin Dy 0.3 10 1078 1 2 |
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Tahle 64

Changes in Body Weipht of Hasmsters Treated with I¥BA,
Vitamin 1, or Combinations of Both &941)

Troatment Flaight st start of Welrht at comclusion
study in g (ranpe/ of atudy in g {range/
xvarage) average)

.51 IMBA M-8076 AS-110/94

0.8X witamin D3 70-8n/76 45-75/61

0.8% vitanin D T0=80 76 £5-T0 584

0.5% IMMBA + 0.8% vitawmin Dy  70-B0/76 £5=105/493

0,5% BA + 0,82 vitamin Dy MN-80/75 8n-1n0/ea

m— ey - e+ Lt ¢ P T R - r— i TR e

E., Guinea Pigps

In 1937, Schmid {5108) reported producing tumors with irradiated erpostercl
in the gall bladders of suince pigs. The sxperimsnt involved a surgiecel
procedure in which a 0.27 linssed oil solution of irradiated erpostarol was
both introduced into the gall bilmdder and injected. Other animals were
similarly treated with non-irradiated ergosteral end linaeed oil.

Small tumors were found in tha gall bladders af the irradiated erpoatercl
animals but no destructive growth or metastazesa were seen. The non-irradiated
ergosterol group showed no bladdar changes.

Another group of simlilar sxpariments waa carriad out using a material
isnlated from {rradiated ergoetarpl, AT.1N, and fdentified as the caleinosis
factor. Tumoras similar to those noted in the animale expomed to irradiated
exgostero] ware found, The author considered these exparinenta too
preliminary for evaluation or conclusion. He reported that similar tests with
other animals were in progress.

F. Rabhits

1. 1In 1966, Frisdman and Roberta {1947) performed axperiments with
rabbits to inveatipate the possibllity that the associstion of supravalvular
sortic atenosis (SAS) with idiopathic hypercalcemia in infancy might he due
to a matsrnal i} excess or A derangement in D mecsbolism,

A comparison was made between eizht controls and 23 axperimentzl femalas
given larpe D doses (1.5, 2.5, 3.5 or 4.5 millfon units of activaced
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argostarcl in cottonseed oil injected i.m. daily from dey of chaerved
copulstion) with respect to the extent D was transmitted across the placental
barrier st the time of dalivary mnd to the presence of anatomical change

in the ascending aorta both at delivery and at intervals up to three ronthe
of age vhen all remaining animels weve sacrificed. A1l offspring received
250 wnits of D daily in their diet until death or sacrifica.

The

G

a.

£.

-

chasrvations wara:

At the time of delivary, both the mothers receiving D and thely
offspring had bload lswels of D seven or eight timas normal. The
offspring alao had wlightly slsvated blood calcium lewels (Table 65).

Control mothers showsd uo groas or microscopic shnarmalities of the
heatts or aortas,

Doea receiving 2.5, 3.5 or 4.5 million wmits D per day diad within
two months snd althar sboyted or delivered maceratad fatwses. Thelir
sartas all showsd advanced changes ~f wedial degeneration with
irrepulay depreasiows in the intimal wall, focal calcium deposits and
necroais.

Mothers recelving 1.5 million units pwr day showed leas severe changes.
The sortes of 11 pewborna out af 13 wers norymal but showad
sxaggerated invagination or plica at the upper sarpine of the einuaes
of Valsalva, Threa showsd no changs and four ssch from differsnt
iitters had a prominent sanulay protrusion st the sans gupravalvular
lavel resulting in & significent narrowing of the luminal circumference.

Four out of ten young rabbits dying between two and 2N days of age
showed supravalvular shrnorsmlicies; two of thess ware the annular
circumferantial type,

The aortas of six surviving aninale sacrificed at three months showed
generalized irregularities of the wall with depeneration and :
caleiffcation of the media,

authars noted that;

In a significantly higher percentage of rabbits born to mothers given
D during pragnancy (as comparsd to controls), there was sxaggerated
prominence of the uormal plica without apparent merrowing of the
L,

Eipht offapring axposad in ytero to high levals of D and to the
maternal blochemical producta of exceasive D adminiztration showed
patholagical sbnormalities confined to tha aupravalvular sortic
wall.

Six of the eight above showaed acrtic lesions seriously impinging on
the lumen and demonstxating essentially all the histological features
of the SAS syndroms as eeen in man.

authars concludad that:
In their study N cromsed the hemochorial plasenta of the rabbic.
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Tshle &5

Results of Analyais of Serum of the Mothers snd Offspring (1947)

Conrraln

ftwen witamin T
{1.5 million mitw)

offspring
Controls

¥orhers given
vitguin D
{1.5 williom m wite

Calciom
{aEq fL.)

(ag 1)
Alkaline phesphatase
{(Ciag-Axrmetrong wnits)
Cholasterol
{ng T)
Total protain
D
Albvmin
(g %)
Vitsmin D masxy
(units/100 wl)

7.3 + 0.24 (SD)

A5 +0.75
1.76 + 0.55
47.3 + 3.4
4.3 +0.77
0.80 + 0.27

310+ 268

P<0.001

6.88 + 0.26 (3D)
5.7 4+0.52

1.15 + 0.16

56.3 + 3.9

4.8 +0.32

0.87 + 0.30

2190  + 382

4.8 +0.11 (5D)
P<D.05

5.55 + 0.24 (8D)

150 + 138
¥<0.001

1290  + 359
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b. The vascular toxicity of D could be tranamitted across the placenta.

c¢. An in utero derangement in D metabolism on the part of the mother
or fetus or both may have been responsible for SAS, especially when
the latter was associated with infantile hypercalcemia.

2. Because children with SAS have a characteristic craniofacial appearance
and many abnormalities of dentition, in 1969 Friedman and Mills (1950) explored
the relationship between exposure to excessive amounts of D during prepnancy and
the development of the craniofacial complex and dentition.

Pregnant white New Zealand test rabbits (15) were fed a stock diet and
glven a total of 750,000 units of D2 (activated erpgosterol in cottonseed oili
intramuscularly in divided doses until delivery., The controls were offspring
of six pregnant females receiving cottonseed oil only and 15 given no
supplement at all,

It was observed that:

a. The average weight of each test offspring was significantly less than
the controls (P < 0.01),

b. The occurrence of spontaneous death in the test offspring was
significantly greater than thea controls (P < 0.001),

c. In offspring less than seven days old, the skulls as comnrared to
the controls showed premature closure of the saggital, coronal and
lambdoidal sutures.

d. 1In the less than seven-day old offspring, striking differences in
dentition were noted as compared to controls: severe enamel hypoplasia
in 957 and a prominent anterior crossbite in 66X,

e. Additional abnormalities were noted in the 15 surviving test offspring
sacrificed at 90 days: strabismus was present in 80%; buphthalamos
in 30%; the ears were 8 to 10 mm shorter than controls; half had a
deep notch of the apical portion of the pinna of one or both ears
and in addition to the dentition abnormalities noted above in the
neonates, there was partial anodontia and an altered platal contour.

The authors concluded that these experimental observations suggested
that the cranial, facial and dental peculiarities as well as the aortic lesion
of the SAS syndrome might have been related to a derangement in D metabolism
during pregnancy. ‘

G. Dogs

In 1931 Taylor et al. (5714) devised experiments to compare the effects of
irradiated ergosterol and parathyroid hormone (PTIl) overdosage.

a. In the first experiment the influence of irradiated ergosterol on
parathyroid tetany was studied by performing a thyroparathyroidectomy
on dogs. Severe tetany developed in several of the dogs. Oral
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adminigstration of 1-2 ml of irradiated argosterol produced a

prompt and complete cura. The authors postulated that in lLarge

dosas 1rradistad srgostercl was as effective an anti-tetanic agent as
PTIL.

b. 1In the second experiment animals ware more completely operated on mo
as to remove all posaible presence of parsthyroid tissue. In these
apimals irrmdinted srgostercl was not effsctive in appreciably improving
tetany. Ovetdoaage synmptoms appeared when the dosage was continuved
for two weeks. lowever, vhen compared ta the dops in the first
experiment (ordinsry operation), these dops showed s greater resiatance
to overdosage, sucoumbing in 30 to 3D heurs as compared to 16§ ko
212 hours for the first group.

¢, VWhen in a third axperiment the sffects of larse doses of irradiated
ergoatercl to normal adult dogs {about 41) was coapared with the
effects of PTH, it was obearved that the symptoms were similar to
those of PTH overdosage. The findines with alx dogs are summarized
in Tahle b5,

The authors neted that it was nevey possible to distinpulsh, either hy
gross or microscople examination, the effecta aof PTE overdesage from those
caused by lrradiated ergostercl. The symptoms snd poat-mortem findinpe in
the blepd were also indistinguishable and the chemistry of the blood was
affected in an almost identical manner by either aubstance, The effecta of

both substances on Ce and P matabolism ware also very sirdlar.

N, Human

1. In 193% Lewis (3501) tested the relative effectivenese of crystslline
D piven in milk or in corn o1l to rachitic infanta. The atudy was carried out
with a tatal of 3 rachitic infants for a maximum of eight weeka as follows:

a, ¥ine received 243 USP unite dwlly of D in six dropa of corn oil,
b, Hine received 243 USP wmits deily in mdlk.

c. Efight recetived 122 USP unite deily in milk,

d. Ten received Z,430 ¥SP onite daily in drops of oil.

The results are showsn In Table 67. They show that:

a. All che rachicic children receiving 243 USP unitas in milk showed
dafinite healing after four weeks whereas only threa of those
recaiving the same dose in corn oll showed healing.

b. At the end of six weeks in all those rachitic infants recedvins D
in milk, healing had progressed, whereas three of the sipht infants
recelving D in oll showed no Liealing.

c. At the end of eipht weeks the rachitic process bacame worse for twe
infants recelving D im oil,

d. In one case Iin a baby who recelved 243 USP unites daily in oil for
four weeks, the rachitic process advanced; then when this infant was
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THE APMINTSTRATION OF EXCESSIVE DOSES OF IRRADIATED ERGUSTEROL (14,000 D) TO NORMAL TOGH

Table 66

Dosage C.C. Baceaa H
Anioal ¥Ho. Weight Tocal Daily par Dnlly Equivalent in x na:imun. | Adminfatra- Firat Death Survival Sermm Proat —tiay Y {o=n
and Sex kilos. Animal mer 250 T par therapautic tion EYmpPLORE ties in caleiym findings
kila. dose peT kiLnJ commenced hours my. per
. il 100 c.c.
26 1.2 7 2 .29 11.56 98 Mar, 7, Yar, 9 Early a.m. B4 18.3 Lungs, stomach
cals 4 p.m, Mar. 10 approx. and uppayr
imcoetinak
tTack,
hassorrhagis.
Larps owantity
of blood in
wtomach md
bosrel .
28 14.2 T 2 0.15 &.n 50 Mar, 12, Mar, 13 Mar. 16 b 16.% Esssntially the
farale in a.m, aboat aema 2z Bhova.
1} a.m, | Cantro-impeprinal
ThtenorThage Bora intense
mucoss of stomach onl!-
iroraly a dsep chocolate
raloor rasmsbling 1iver
[FITTTN
9 156.1 3 0.8 063 2.4 20 Har. 24, “ar. Ib6 Mar. IB 104 —— Tyoical.
[snale 4 p.m. in p.ta. WP RO ,
&0 11,5 3 1 b. 08 3.2 26 Mar. 27, “Mar. 26 | Mar. 29 &1 17,7  Caual sions, but
male L p.m, ABDTOX . wrxcupt Llonally
Intense.
2 4.6 2 0.4 4. 0% 1.6 36 Mar, 20 Mar, 27 Mar, 9 218 12 Dnusually
male ! javara reaction’
: in lonps and
; gearro-intastinal
42 ' 16D Eract.
fenzle | § 2 9.12 4.8 40 hpr. 2 —— Apr. A 1 — ;nuu.
H e, jarprex, .
| )

*_
Tine maximal therapeutlc dose is tahen as 0.6 c.e. {29 dropa) per 5 kilo infant, f.#., 0,12

65T

e.&. per kile.



Tabla &7

CIORFARISON OF FEALING, AMOWR: 36 EACHIYTD TWFASTS, HEHIGHT ABATT BY CREYSTALLTRE VITAMIN Tt THCORPOFATED IN WILE OR IR OOBN OIL

*E~ray picturs takem st 13 woeks.

0%t

Menatries Ain Roent logic Alckers
which cryutal-
liwe witawin It Ko, of Zat fmaling Haslinp Heating Usaling
A Pate waa imcotpor— oitty (St At Aftar Afrar Afear After
Came (Mo.) Begon atwd bock) miwven 0 T 4w, 6wk, A ouk, 10wk Commsnt
C.M. 8 /2 ML Lkt A5 Tiellrute 4+ + +H  ad Porty Hewn
E.G. B 1125 Mobrrate 4 + -+ e Pores Eiean
F.5. 13 1/26 Mnderate 0 [} Tex1o
E.D. 6 17 Elight + + A Ttalizn
GH 8 2k ¥odwrats  + + + ++ Porto Ricen
TH.. 2 2/17 Maxkad =+ + ++ Kagro
G.B. L] 2J1E Mplarats + +Ht i Hagran
J. M. ) 27Tk Mid 1] a 0 feorwe] Hayrn
¥.L. [ /13 METWT %0 Slight - = Bokwal Tealian
g.0Q. & 113 Moderate +Hrt =t - Torto Rean
J.A. 5 1/13 Slight -  aan Worsml - Hayra
L. 5 /1% Hodderate +H- Hormal Sormal Wormal Hexro
C.E. 1o 1725 Harlkaid =+ Saand et Normal Hagro—-1/25: calciiow, 9.8 mp.; phowphorus
Iwmg. 1/X3: caledom, 10.6 mg.; phos—
phertus, 3 mE.
E.5. 4 2422 slighr e -t At Nerrmm] Nepro
B.C. 7 312 Yndetate |+ Perro Ricmm
F.E. 15 3nz Medarsta  + -+ ¥agro
BE & 317 Sodavets +HF This infant bhad recedved 30 ooits of
erystalline vitasino I in il for ona
mnth, sad o beeslivg pesmlted
+Hienotas xlight haaltng: &, sedetars healing; -+, marked healing; -, bedled Tickets. *one 1liter comtained 60 units,

:ﬁnt lirar contaiomd 129 wunits.



Tabla 67 (comt’'d}

Roentwenologlc Bickets :
Haron E Tim No. of Rat
in which unitx
crystailine {Sreen-
Vicamin D bock Realing Healing Healing He=aling |
Age Date vas incor- Fiven At After AfLer Afrer After i
Case (Mo.} Pegun porated Onsat 4 wik. 6 wk. 4 wk. 10 wk. Comeent
1
I.E. 5 24 D.L'I.* %) ModaTate = +++ -+ -+ Porto Bican
5.L. 7 2/12 S1fght k- + +
B.M. & 2/14 Siighr -+ + ++ Hegro
B.R. 5 2716 Slighs 0 {worgse) Ragye
V.B. 14 2{18 Marked + + -+ + Negro
n.E, 7 i Modarats 1] ft O (wgres) 4} Wexro
C.Q. 5 513 Slipht 7 + -+ -+ Porte Ricsm
£.B, | 218 onderate n n n fzmpree) Yagro
.5, -] 3/19 Herdarate n ) . Negro
1. 3 2/16 on** 900 Slight ++ “ormal Normal Hepro
P.G. L] /e Slight = e Itatism
J.B. & /16 Slight + +t +H  aand Newro
T.B, & /16 Slight -+  anal Sormal Negro
C.M. & 2716 Hoderats + Yenro
R.F. 17 2117 ¥arkad -+ Hexrn
H.4. & {17 S1ight + e e Hermal Herro
J.0. 7 2117 Hoderate s - R A +HH+ Nepro
.E. k| 2117 S}1ghr + i e 2/15: caleiwm, 7.7 mg.: phoanheraus,
5.3 me. 3f13: caleium, 19.3 mg.:
rhoovharus, 6.1 mg.
J.o. 2 1/30 Macked + + + -+ Heero: ar 17 weska healing +

T9T

*:Dna drop contained 15 wits.,
One drop contalned 150 wmits.



switched to the pame dose in pilk for four weeke, definite healing
took place.

The authar cencluded that crystalline D was more effective am an antirachitic
agent when administered in milk than wken glven in ecorn oil.

2. In 1936 Lewis (3502) investipated the doamge of crystalline D
necespary for rickets prevention and the influence of the medium on the
effectiveness of the antirachitic dose. There were 441 infante ranging in
age from two weeks to five months placed in elpght groups as shown in Table &8,
(A propylene glycol solution of the erystalline D was used for uniform
diseribution in the milk), 0Of the 35% Infanta followed throueh to the end,
35% were degro (108}, and the majority of the rest were of Puerto Rican and
Italian extraction. The distribution of Heesro infants among the elght aroupe
i shownm in Tshla 69,

The tresults of the lovestipation are shown in Table 0, Some notahble
observations wera:

a. Infante recelving 145 USP unite of cryatalline D in milk (froup 1),
developed rickets lesa frequently than those receiving a similar dese
in corn oll or provylens glycol, The incidence of rickets in group
1 (145 units in wilk) wae 5.1%; in group 2 (145 units in corn oil),
14.6Z; and in group 3 (145 units in propylsne glycol), 13.6X.

b. Infants receiving 290 USP undte crvatalline D in milk {group &)
also showed 3 lowar Incldence of pickets than those recaelving the
same dose in cern oll (group 5) or propylens glycel {graup £). The
incidence of rickets In group 4 was 1.9% {ip group 5, 9.5%; and in
Eroup &, 11.1%,

c. Ho infants in either groupa 1 or 4 (145 and 290 unita D {n milk)
teveloped moderate or severs riekets, whereas two In group 2 and
three in group 5 {145 and 297 wnits N in com o0il) and one in
group 3 and one in group 6 (149 and 299 unics © Iin propylene glycol)
ceveloped the more severe form of rickets.

d. {mly one infant, a Hepgra, in group 7 {1,452 USP unite D in corn
ei1l), developed & mild form of rickets.

e. The eight infants of the 22 controla, {(group 8} who developed
evidence of rickets (ap determined by ¥-ray examination) were 211
Megro. :

f. Cf the total number of Infants in the atudy receiving D (groupa 1
through 7) who developed rickets (27 infants}, 21 (78%) were Neproes.

The author concluded that crystalline D sdminimtered in milk was more
effecrive Iin preventing rvickete than when administered in corn oil and propylene
glycol.
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Table 68

Infant Groups (35D2)

GROUPR 1 Infants receiving 145 USF unite of cryatalline vitamin D in milk.
GROUR 2 Infants raceiving 145 USP unite of crystallina vitamin U in corn oil.
GROUE 3 Infants receiving 145 USP units of cryatalline vitamin D in propylene
glyeol.
GROUP 4 Infants receiving 297 USP units of crystalline vitamin D in milk.
CROUE 5 Infants receiving 290 USP units of cryatalline vitamin D in corn oil,
GROUE & Infants receiving 290 YSP unite of crystalline vitemin D in propylens
glycel.
CROUP 7 Infants receiving 1,450 USP unites of cyystalline vitamin 0 in corn oil,
GROUE 8 Infanta serving ae controla.
Table 649

The Distributiom of Nagro Infantes as Well as Braast-Fed, hreast-
and Bottle-Fad, and Bottle-Fed Infants Among the Various Groups (3502)

Total Percentage Breant-
Humbar of Nagbar of Hegro and
Infants of Infante Breast- Bottle~- Bottle~
in each Nagro in each Fod Fed Fed
Group Group Infants Group Infants Infants Infanta
1 58 i3 57 - -— 58
2 41 24 58 11 17 13
3 44 24 55 15 17 11
& 51 27 53 - - 51
5 52 n 58 20 n 12
b 45 26 38 19 14 12
7 42 21 50 14 7 21
a 22 13 5% 8 & 8
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Tabie 70. Cowparimon of the Incidence of Rickets Amomg Infants Bacelving "Crystal-
line Vitamin "D" Incorporsted in Milk, Comm 0i}, or Propylene Glyeol (3502)

Humher of Menstruwam in ¥umber of Average age Average gain Humber of | Degree of Percentage
unite which crys- Infanta in  at beginning in weight per infantz Rickats of infants
(U.5.P.) talline each group of study month doring who de— vho de-
of crys~ vitamin D {months) study {1bs.} veloned velopad
talline was Iincor- rickets pd- Mod- Se-irickets
Groups ¥itamin D porated 1d erate vere

145 Mi1k* 58

1 3.3 1.5 3 3 0 0 5.1
2 145 o11 * 41 2.7 1.3 6 & 1 1 1h.6
3 145 Propylsme glycol &4 2.1 1.3 & 5 0 1 13.6
4 290 Hilk't 51 3.2 1.4 1 i o 0 1.9
5 250 oAl 52 3.0 1.4 5 2 2 1 9.6
& 290 Prnpylmﬂglymli 45 3.0 1.2 5 & | 4} 11.1
7 1,450 ol &2 3.1 1.3 1 ;| i) i ] 2.4
B Comtrols 22 2.6 1.1 B 3 4 1 35.3
:Duc quart contained 166 U.5.P, (revised) unitsg, Mme drop contained &1.6 U.S5.P. {revised) units.
+0ne drop comtmined 200.8 U.5.P, (revised} wumits. #ne drop contained 208 G.S5.P. (revised) units.
4008 guart contained 332 U.5.P. (revised) umits.
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1, In 1937 Urake {1550} pbserved the differences in the antirachitic
value of various amounta of cod liver oil, viosteral, irradiated fresh milk,
irradiated evaporated milk, {irradiated chclesterel, irradiated yeast and a
mixture of fish liver olls of high potency. For a total of five months
(Dctober thru April), over a period of three years, 1228 infants were involwved
in this study. These were children of British and Northern Furopean atock 1in
Toronto, Canada, who were artifically fed with diluted coe's milk with added
carbohydrate. The experimental protocol and results are shown in Tahle 71,
Epentgenoprams of the wrists were used to datermina ricketa. The maximum depree
of tricketa observed in the contrels (no I given) is shown in Table 72.

Some of cthe chaervatlons werse:

a. Of the 244 controls (na N}, 137 had a8 modevate or marked degree of
ricketa, with 21% of these showing an actively advancing rachitie
process at the end of the fiva-month periad,

b, The daily adminiptration of 5300 USP unite of D as irradiated veast
was sliphtly more effective than were the varying amounts of viostercl
uged,

e, The antirachitic effect of a very small amount of cod liver ail (one-
half teaspoonful, 15t USP unitse) was as great as that provided by
one to three teaspoonsful (Table 72), Judged on the basis of rat
unite, equally good resulta were cbtained with eod liver oil, percomorph
liver oil and igradiated choleaterol.

d. A dally deae of 95 USP unite of D in the farm of irradiated Fresh
vilk was about equel to that sbtained with 150 USP units in the form
of the other administered subatances. There was no evidence that this
extremely amall amount was leas effective in preventing rickets than
were the larger amounta usually given.

e, The daily administration of 300 USP units as irradiated cholesterol
ot 500 USP units as frradisted yeast resulted in a rapid healing of
moderate or severe rickets,

Seelig (5216) commenting on this study noted that from Drake's data, it
appeared that a eipnificant number of children of British or Yorthern Furopean
origin require little or no more D than is obtained from nonfortified foods
and from sunshine,

4. 1In 1942, Reynolds (4809) reported on the beneffcial effeét of 0
therapy in erthritic patients and the comparative toxicity of two different
types of activated ergosterol compounds. He coneluded from a review of the
literature that:

a. Contradictory findinge as to the beneficial wereus the toxic effects of
adminigtration of large dosea of D indicated that varicus workers were
using differant types of preparations.
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Table 71

Development of Ricketa in Tnfamts, Aged 13 Yonths mmd Yousger, Tho Recelved Differsnt Amountx of Viramip D

in Various Forme Throughout Five Winter “imths {

].

Percantage of Infanty

f
Mueiwmm Degree of !
Rickets Subsequent
Ha, of to Ipitisl Actiwely
1,11 Examinaei on Advancing
Lnlts of Age, Hoothby i —H ~ Ricksts with
Fitmmin ’ e — M d- Yo Ewideuce of
Year of e Lean Ex- eLAte Haaling ot end
Uhear— Glvan Mo, of Tham trately and of Ferlod of
vation Sourca of Vitawin © Dafly Infacew 1 1 2 3 4 5 & 7 B “one Slight "1 Magked Ubgervazicon
1333-3 1 tenspoonfal cod liver odl........... I5h 42 7 1 8 3 4 B 3 I0 O3 mB 12 7 f n
1233-36 2 teaspoonfuls cod liver edl.......... m 45 n 2 5 B 1n 4 7 8B 1 TN 14 7 2? 2
1333-34 3 vaaspoonfuls cod Iiwer odi,......... 1,050 50 " F 5 S B 8% & 1IN 2 T4 14 B & &
1923-3%  1-1/4 detpo viostarol.....cvesrene..., m n no8 A 11 4 3 B 3 2 a7 th 2 a N
1923-34  2-1/2 dropm vAOSEErDl. e e vnssnnnsn., J4n 45 11 8 1t 3 5 2 5 n &R 25 7 n 1
193334 5 drops vioSEATOL.veunccrunranne..,, i,nan 46 n12 13 2 & 4 1 1 3 71 n 2 n 2
1333-34 10 drops Viowteral, . ..cecriiiriinrnnar 2,160 46 1 5 13 7 8 & & 31 74 17 7 0 &
1233-34 20 ouncws {5%2 c¢.) Lrradiaed frash
MK, i e v i in e r i aae ey ‘a5 T " B 1€ 4 A E & 7 2 &0 21 8 ft 3
1933-3&  20-40 oomees (592-1, 184 co.)
irradiated framh millk.....0eiecccnnns B5-190 m % 5 & 131 16 17 11 9 Al 1B ] q 0
19333-3 Ho witamin D sttt aai s ] &3 1 13 17 ¥ 17 § 9 % 1 55 ard 15 L] 168
1936-35 1040 cumcan 296-1, 18& ec.)
frradi{sted fraah milk....0vciecnnrnnas §7=1910 102 08 14 17T M 11 13 B0 71 13 12 f 0
1938-35 5-20 puvncoa {177.6-392 gc.)
irradiates evaporacsd eflk..voconunn..  GO=196 Lyk 018 20 2% 1F 12 & N o0 k& 1% ir n 7
1934-35 Ho witamin D iararamns s atatranaa 0 1nG 1 19 22 1 16 13 I 00 a7 173 2T 16 16
1935-3 ILrrediaced TRASL ., . . c e naa ey 500 65 .0 80 013 27 233 6 9 A7 L 9 0 a
1935-36 .43 tesnpomful cod liver aill......... 150 s 813 21 132 17 & & 0 0 &9 19 iz n k)
1535-36  0.75 drops percomorph liwer oils...... 15N 52 7T 11 OB 12 11 £ 11 7% 15 10 n z
1935-3% Irradiated cholasterol......vovaucnenn 150 I " OI5 12 21 37 I oz n g Af & 10 ] 1
1935-3% Ao witamin B iiuinarattinraraarnnnrrns 0 73 1 12 19 18 3¢ 72 o 0 51 156 n 13 1
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Table 72

Pevelopment of Rickets In Infante Who Received Ho
Vicapin D Throughout Five Winter Mentha (1550)

Parcentage of Infanta
A

r Maximum Derree of Ricknts Actively
Subsequent ta Initial Advaneing
Framination Mekets with

- e = Yo Lvidence

f Moderate of Healing

Extyemely and at End of

Year of Total Yo. HNo Slight Mild Marked Period of

Observation of Infants Sickets Bickets Plckets BRickets bservation
1933-34 ES 55 22 15 B 15
1934-35 104 47 n 27 15 16
1535-3¢ 15 51 15 20 13 k1
Iocal, 1933-3% 244 50 15 22 13 21

L. A specific findinpg was that magsive doses of irradiated ergoaterol
caueed toxic effacte without clinfeal improvement of arthritic
patients, vhercaas ergosterol produced by the Vhittier process
(electric dimcharge-activated hamt-vaparized erposterpl} appeared
to bring about improvement with negligible or ne toxicity.

5. In 1950, Touraine and Zureick (5820) reviewed a number of earlier
French reports clairing that D was carcinogeric an the hases of both its
molecular structure and clinical observations. The authors concluded thac
while the evidence did not justify the claimz, it did warrvant further study,

6. In 1951 Freedman (1920) examined the vapinal chanpes in menopausal
and postmenopaugal women given D, The 27 women (39 to 68 yeats of are) in
this study fell into thres groupa:

&, Five artificially caatrated women.
b. Seven who had not menstruated for three or more ymars,
c. Fifteen wha had menstruated within three YEAYH.

They were orally administered fram 2,250,900 to 2,550,000 units of D for
15 to 17 days as 30,000 unit capmules three tines daily. Improvemant on an
arbitrary vaginal smear scale or an increase in mucold diecharge werr conajdered
to he positive results. The cbservations showed that:

a. Four teats ip the first group were pomitive.
b. Four tests in the second group also were positive,
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¢, Thirteen positive wvaginal smears were found in the last groun.

d. The results of 317 tests performed on the 27 patients showed 27 pomitive:
19 improved vaginal snears, and 3 vapinal mucus elevations. {(For similar
studies with rats mee Oniwa, p. 222, Kudo, p. 150, and Chinowne, p. 146,

7. In 1939 Feraes (3103) reported observations of hypervitamninosls T made
at & children's hospital in the Soviet Union., In ome case, a léd-month old ehildd
showed clinical symptows of hypervitaminosia D after receiving a total of six
illlioen wnity of B Iin four montha (62,500 units datly) which was ten times the
therapeutic dose, ler serum calclum was 21 mp¥.

In another case only twice the therapeutic dose of D' for four months
{20,833 urite daily) resulted in hypercalcerdia with a serum caleium of 15.5
mgZ. The clinical aymptoms included apathy, subnormal growth and frequent
vomiting. The ISR was 35 mm per hour. The bleod ecaleilum and TSR returned
to normal along with general irprovement after the D was stopped,

in another child, ten months old, a doae ten timem the theraneutic dome
over four months (40,700 unics dally totaling 3,375,M0N units) d1d not produce
¢limical wymptoms, but x-ray examinatfon showed decalcification In the
epiphysea of the tubular bonas,

The auther pointed out thar ather studies had phown the absorptian of
Ca from cow's milk to vary under different conditfons: mnormally, 35% was
abeorbed; with D, up to 50% was abaarbed; and up to ANY was sbsorbed in 1diopathic
hypercalcemia.

According to this author, idippathic hypercalcemia was more likely to
appear in infants fed cow's milk in whiich the caleium content wam 4,5 times that
of maternal mtlk. He connluded that;

a. Lven insignificant overdomes of D could cause symptoms of hypervitaminosis
I o develap.

b. There were wide individual differences among children in their
senaltivicy co D,

8. 1n 1963, Kenny et al. (3101) reported a case of fdiopathic hynercaléemia
of Iinfancy in which elevation of the aerum Ca and probable elevation of the
serum D level were produced during the recovery phase by administering 400 units
of D per day. An unusual aspect of the case noted by the authors was the familia}
incidence. The patient had a sibling previously diagnoaed as having severe
idiopathiec hypercalcemia. According to the authora, thia suppested that some
cases of idiopathic hypercalcemis mipht result from sn inborn error of metaboliem,
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$. In 1964 Bell et al. (0459) studied the effect of D on four patients
with sarcoidosin me compared to three normal smubjects, Viramin P thervapy with
amall doses (10,000 IU/day), resulted in excessive absorptions of Ca without
abnormally increseing eerum antirachitic activity. Prednisone prevented this
effect. 1t was aldo noted that the incidence of hypercaleemia in patfents with
sarcoldosis was greater during the summer months when the production of D3
in the skin by UV radiation was enhanced.

The authors concluded that their vesults along with those of Fendrix
(Clin, Res. 11:220, 1763) vho showed that the converse, the hyperabsorntion of
Ca by patients with sareofdosim can be diminished by feeding them a diet
deficient in D, supported the hypethests (Anderson et al., Lancet, 2:727, 1054)
that the defect {n Ca metaboliam was a result of intestinal hyperahsorption
aof Ca caused by an increased asnsitivity to 11, Prednieone and other
carbohydrate active ateroids acted by antagonizing this action of 0.

1N, In 196€ Frasar ot al. (1894) reviewed infantile hypercalcemia:

8. The mild form wam dimtioguished from the severe form,

b. Neither form was associated with excesaive D intales by the mother
while pregnant.

c. Cardipvascular involvement wae part of the pevere syndrome, hut
whether this wan acmetimea ar always was uncertain.,

d. In the severe form serum 'a could veturn to normal while other
mani festatione persisted, o that many advanced cases would eacape
diagnosis,

e. Mental recardation, mentioned by all predecessora, was now emphaaized.

f. Prognosis was good for the mild form, poor for the severe form,

Treatment proposed by the authors fnvolved reduction of Ca intake to
25-35 g/day, elimination of D from the diet, and protection of the patient
from sunlight. Short-term cortisone treatments wers also BuUggestad.

The authore stated that in their opinion the clapaic atudy by Jeans and
Stearna (2993) "does not stand up to modern teate of significance,”

11. In 1986 Beuren et al. (0526) presented a clinical report without
laboratory data concerning tha exletence of SAS in an unuseally larpe number of
German children (this report im abstracted fn detall on p. 126). The rase
histories of some of the patients showed that the mothers took D during
pregnancy. The authors pointed aut that in Germany, one mussive dose of

Vigantol (2 vitamin 1) preparation) in excess of the amount renuired for rickets
prevention was recommended in the sixth and ninth month of PTELMANCY ,
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12. A commission of the Cerman Pediarric Society (5153) studied this and

agther reports and concluded that:

a. Administration of toxlc dosee of D to pregnant animals induced SAS,
along with other wascular injuriem, in some of their offapring.

b. Uhen D hyperaenaitivity was prement, every adminimtration of D could
contribute to tha sppearmoce of this ayndrome during presmancy. Parhanpe
even the productiom of D by the body could alac eontribute in thoee
few individuale who were extremely sensitive.

c. The commimaion recommended that maasive D dogses nat be glven during
pragnancy.
13. In 1967, Priedmap (1949) reviewed the literature on $SAS. Some of the
pointes he ralsed were:

4. The vascular texicity of large dosee of D had been chserved in nan-
pregrant animsls,

b. Information aon the eaffects of Induced maternal hypervitaminoais D an
the fetus had bean limited,

c. There waa vecent direct evidence for trananlacental passape of D.

d. & study with pregonant rabbits sugpested that a deranpement of D
mecabolism duriapg presmancy on the part af the mother, the fatus or
hoth, could be yesnonsibla for SAS particularly when this condition
was assoclated with infantile hypercalcemia.

a., The question atill tc be anawered waa why there was a variation fa D
senaitivity between different individuale of the same mspeciea as well as
hatween different speclas,

The auther considered the need for detecting pregnancies suscantible to
the teratogenic effects of D and yelated aterols, in order toc prevent SAS,
sufficient to warrant research on the epilderislogie, genetic metaholic and
pathologic Information relating ta the disease.

l4. In 1968, Cooke {1132} reviewed the relatfonship of infantile hypercaleemia
to D. He pointed out that D senaitivity was intrinsically difficult to investisate.
lle reported the results of several experiments on maternal D intales:

&, A study of 58 normal pregnancies showed that a 259 IU daily supnlemental
doge of D plus 1.44 g per day of surplemental ©a reeulted in increased
bove denaity 4n the fetus,

b, Animal studies demconstrated that maternal D had a dose-related effect on
the fetus producing bonme abnornalities ar low toxic levela and drath ar
higher ones.

The author conaidered varioua evidonce sufficient ta conelude that:

4. The more severe form of infantile hypercaleemia had its genesis
in uteroc.

b. The less gevere borderline forma prcbably, but net cartelnly, stemmed
from intrauterine effecces.
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c¢. The hizher the D intake (among mothers or infants) the hipher the
Ineidence of hypercaleemis (#rom Bricish epldenialogical evidence).

15. In 1970 Seelis (5218) reviewed the medical evidence relatinm ™ and
the variocus toxic reactiens to it reported in the literature, These included:
infantile iiypercalcenda with its sassociated renal and cardiac damarge az well
as mental retardation; eupravalvular aortic stenomis or Williame' Syndrome:
generalized artericaclercsis of infancy: renal acidosfs; and nephrocalcinosis
infantun resulcing from symptomleas hynercalecemia.

Seelir noted that "avidence has acerusd that the amount of vitamin D
added to milk (which is enough to prevent, or even to cure rickats in children
who require very latge amounta) is sufficlent to cause renal , cardiovascular
and brain damage in thosa who are hynerreactive", She went on ta point out
that "sinze vitamin D iz much more active fn milk than it fs in oll, and
since there ls evidence that vitamin D2 is more toxwic than vitamin DS, the
addition of 400 units of vitamin D2 to a quart of mlk may provide for more
than a safe inctake for musceptible infanrs".

The author therefore recommended that "routine diagnostic tests to detect
reactiviry to vitamin D, prefersbly in the firat week of life should be develoned,”
waw,%mﬂsﬂuﬂamuiu&wﬂhﬂemdﬂhhemhwmmﬂkmwm
be made available in two forme; one that iz free of addad vitamin D, and gne
that is fortified, preferably at the same price se that economics naot play a
role in the milk bought,"

16. In 1973 Rogen et al, {4900) measured the major cliveunlating metabolite
of DS’ 25~GH--D3 in wothers and cheir affected premature infants, to examine
further the possible vola of D3 in the pathopenesis of necnatal hypocalcvemis
(NH} of prematurity, Thair data Auggested to the researchers a direct role
of D deficiency as one of several pathorenic factora in NH of premsturity and
that nutritional D deficfency might ba relacively common in mothers whoae prepnancies

mmlﬂﬂymempmmmmh.mwgwemiﬁumﬁmcwmmhgmeumm
background of the mother-premature pairs studied.
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BIGCUTHICAL ASPECTS

1. Egeabdodn

This section is dealgned to cover spontanecus changes underpone by a
substanee In Foods and food aources, In the case of auhstancen with D activiey,
sucl chanzes are describad in the Chemical Information Section and undey
legtaboliar.

1T, Absorption-Distribution
In 1956 Kodicek noted in a review (3208) that D was ahsorhed efficientcly

by rats after toplcal applicatiom to the agkin,

In 1964 Bell et al. {0459) measured Ca, P and N bhalances hoth in four
patients with sarcofdosia and high urinaré Ca, and in three normal asubjects.

When D (form not stated) 10,000 TU/day wae piven for 12 days, Ca absorption
and fecal excretion were wnaffected in the normal suhjects, while a more. pasitive
halance occurred in the patienta.

Prednisone given bto the patiantes Aiminished Ca absorptisn, whether
"spontanapus' or induced by the D.

The authore concluded that patients with sarcoideafs vere ahnormally
geneitive to vitamin D,

In 1966 Thompson et al. (5765) atudied intemtinal absorption of laheled
na 0.5-1.0 mz given orally to ten gastrectomized parients, six with osteomalacia.

Four of the six had slighely low absorntions, the Fifth had nil owine te
a pancrestic defect, and these five had steatorrhea. The aixth had normal
absorption and no ateatorrhea.

In the four without osteomalacia ahlsorption was normal although two had
asteatorrhea. ]

The avthors commented that the aite of D-absorpticn was atill uncertain,
and that physiologic deees could ba malabsorbed as & result of partial pastrectomy,

In 197} Chen et al. {1004) studied rhe subcellular location of the DH or itm
metabolite asmociated with tranecription in inteatinal mucosal cells. They
contested the theory that it was associated with nuclear chromatin by shiwing
that relevant chromatin preparations ware contaminated with membrane frasments,
They concluded tentatively that the Dj compound was located in the nuclesr
membrang, and anticipated more information from future studies with the lahaled
25,26—(0E}E-D3 derivativa,
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In 1071 Lurb et al. (3607) reported a study of relatiomshipz between
massive D irtales and serum D values (Bea also p. 131}. They studied
both normal subiecis and patlents with Deresiatant Fidney-related Ca disorders.
They found that:

1. Magsive intaes of D Aid not correapondingly affect serum D values,

A case was cited of gerum D at 1 IU/m} two years after withdrawal of massive

D therapy., when the skin, muscle, fat, and banes had 8-11 timeg hirher values.
In another case, a family polsoned accidentally by food cooked in oll containine
5,000,000 IT/g had sevum D values of only f6 IT/ml,

2. Decay curves (gea oripinal paper} showed elevated serum P for nany
montha afrer stopping maselve intakes, Decrease was rapid at first, hat from
the fourth to the 47th month the half-life was 1F-17 montha. Tharefore,
accordins to the autharg, D must be mtored in other tissues, and their
obhaervations sugpested the musgcle as moat important.

It 1971 Srdth and Goodwman (5384) studied the transvort and turnever aof
D3 in man. thers had already identified 25~nH-D3, tentatively lsolatad
1,25-{0H}2-D3, and tentativaly asaociated these metasbolites with the albumin
and a-rlobulin fractions of merum, vevealing that the disappearance curve had
several components.

Smith and Goodman gave four normal men each & ug of labheled D3 i.v, They
found that cthe label hecame entirely assoclated with a protein of denaity »1.2],
which therefore was not a lipoprotefn, This was confirmed by uptales of Ca45.
The protein was partly characterized and was found to have a mw of 50,100, AW,
it was sliphtly smaller and faster-noving, electrophoretically, than albkumin.

The acvthors inferred that this protein tranaparted 25—nn-n3.

The inftial half-life of D3 in plasma was found to be 1? hours, and its=
residual level in plasma was less than 1T of that of the label., The n1
ranlacad hy 25—01{-1}3 with a half-life 1n plasma of 17°.€ days, and the 25%-01-N
accounked for 92% of the labal,

In 1971 Haddad et al. (2337) established that both N, and 25-0E-D, were

wag

3

readily traneferred across rat placenta to fetuses (mee p. 132},

I1I. Matgholism and Fxcretion
A, Hetaboliasm
In 1934 Waddell (604R) established that cholesterol, when iLrradiated,
contained 2 different provitanin D fram the provitamin D prosent in irradiated
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ergostetrel. The cholesterol provitamin was more potent apainat vickets in
c¢hicks, and also was probably the main precursor of vitamin D in the bhody,

The author noted that millk was raported to be & more potent source of
D aceivity than cod liver oil:; he inferred from hiz own wor' and that of
othere that hoth sourcen contained mainly the chalesatercl provitamin, and
he concludad that the N factors im milk "may possmaa virtues atill not
understood but which may be explained for the momant on the assurption of
better absorption, etc."

In 1743 Cuthlbertson {1256} veviewed his and sthern' evidence far a
relatijonship between {diapathie hypercalcermia and 0.

In the severe Fancoenl ayndrome, gerum D was raised although intales
were normal. Theraefove there must be a "deranpement" of edther Ca metaholiam
or I} metaboliam, The author sugpested accumulation of a D metabolite that
was active in man but not rats, such as dehydrotachysteral.

liowevar, the mild Lightwond-type ceaes could not be 3o explailned, since
serum {a was In the normal ranpe,

In 1955 Nuarterman (467]1) gave Iy by injection to rats, sheep, goata,
vabbits, and a piz, and ohserved increamea of a subatance that was not D
{cheridcally or biolorically) between 15 minutes and ? hours later iv the
adrenal plands, livers, kidnays, and {leume. The authors associated this
subatance with D but could find no direct evidance thaet it was a derivative.

In 19F€ Fraser and Endicek (1%05) gave {1-3H]-D1 orally ta a 1?5-¢ Tat
and collected lyrph hourly from a thoracic duct cannula. Peal: concentratione
of label were at 2-3 hours, and 432 of the dose had entered the lymph at 12
hours. Up te 2,67 of aach fraction was esterified, and the composition of
the esters was: mtearate 257, aleate 167, lincleate 1R¥, palnitate 317,
remainder total 13X,

The authors remarked that this composition was 1like that in liver but not
in kidney, and they inferred that the small intestine was the site of
esterification.

In 1966 Lund et al, {3613 confirmed the report of Frarer and Fodicel {1905)
gbout the in vivoe esterification of D, They commented that the function ‘of
the esters was wuncertain. Storane (as with retinol} was unliely bacause the
amounts were so snaell; activity wae unlitely because there was sa 1tele at
low dosage. They concluded that "esters of vitamin D may be onlv a metaholic
curloafity” with no function that was neaningful at the time af writing.
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In 1266 Lund and Deluca unequivocally imolatad a polar metaholite of
BB that thay deseribed as Peal IV {3611).

In 1967 Loomis (3375) documented a hypothesis that human interraclal
diffarences of skin plementation were caused by reogrerhical diffarences of
UV irradiation and mndiated by vitamin D.

Pointine ta rachitie effecta of D=deficiency on the one hand, and to
woft-tissue calcification and renal disorders of D-excess on the other hand,
e commented that the only endogrenous requlactor of the amount of DN-accumulation
in the body seened to be an adaptive control of its photochemical saynthesis in
the alin.

This control, the author continued, should be exertad by (a) skin
plamentation and (b) lkeratinixation of the sl in stratum corneun to degrees
that ideally would restrice endogenous D-avwmthesis to the physlolonical range
1.01-2.5 ngfday, There ware twa phenomena: {rreveraihle plrmentation-
keratinization that was latitude-ralated, and seasanally reverrible pivmentation-
keratinization restricted orizinally to northern latitudes,

M the (cited) basia that 1 cmz of white human skin aynthesizer ca. 6
I of B/hour, the author reckoned that 400 I/day would he synthesized hy
diurnal expozure nf 2° cmz aof an infant's face in northerrs Furope. In the
tropics, a white person exposing 1.5 m; for & hours would aynthealze 890,000
IV, YWidte slin in vityo transmitted hoth 4N5 and 365 am wavehands, but Wenro
glin was opaque to wavelangths helew 436 nm. Later atwlica cited showed an
overlap of akin permeabilities to UV hetween Luropeans and “Hperians.

According to Loomle, these data showed that Mepro infants, known to be
more susceptible to rickata than White infants, would theoretically be
D—deficient fn northern latituwdes, although both dark and fair skins contained

sinilar and adequate amounta of the provitamin D The author then used these

conafderations to spesculate upon the posaible evzlutinn of obmerved grades of
akin plementation.

Arguments followed (3576). Blois ocbjacted that {a) melanin and tyrosinase
were diseributed through wmoat phyla, but the most primitive animals that'
contained D were the teleoats; (b) primitive man mdpht have lived in forests,
not exposed to sunlipht; (c) the Tanpge of photosynthetic contrtol given by
Loomis was many times narrower than the ranqe he gave For human tolerances to

ingested vitanin 7; and {d) there were no remorts of hypervitaminosia D in
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albinos., Blols concluded that Loomis' mechaniam eguld not be the prirary
regulator of skin color.

ilum, wlho had Leen clted by Loomis, pointed out that melanin protected
apalnst other effrets of UV exposure that did not involwe D, such ar sunhurn
and glkin cancer.

In rewutcal Loomis stated that {a) €O, occurted in bacteria, vet it

controlled mammalian respleation: (b} mel&iin was known to protect the
mammalian retine; (e) protaporphyrin eceurred in protozean cytochromes and

ir marmalian hemo~lohins: {d) hypervitaminasie D had keen reported in infants
raceiving less than 1870 INfday- (e) hia hypothesin d1d not rule out shin
cancer and sunburn as apents of evolutlon together with photoactivation of

N; and (f) he mave further data on serum Ca levels and UV penetration of the
glin at various lacirudes.

In 177 Uordd et al. (4072) gave H-1aheled D, to rats and isolated a
metaboldite from thelr carcasses that was "es active as" D, at curing rickets,
stirmilating Ca trangport, and palsins bloed Ca, Given to D-deficient rats
it stirmiated intescinal Ca crangport within 8-17 hours, contreate:d seith 20
hours for U, itself. The metabolite was identified ehromatorraphically as
Paal: TV.

In 1968 Praser amd Kodicel: {1902) constructed some theoretical 3-dimensional

models of chnleeterol, Da, and an intermediate precursor of n3, in order to

3

find out why 02 and D3 were acted on by pancreatic esterifving epnzyme. Some
very apecific conformational requirements had been calculated in studies with
cholesterol., and the vitamina D did not have those requlrvements,

They dimcoverad that althouph the €-3 NH-rroun of the vitamins was oot
linked in the requirted mauner to the vest of the molecule, it occupled the
pame porition In 3-dimensional apace ms did its counterpart in the cholesterol
molecule; had it been linked in the requirad manner, 4t would not have eceupied
that poaitiom,

The authora concluded that the position in ansce waa more significant
than the linkage to the rest of the molecule, They sugpeated that therefore
the D vitaning should alse be substrates for other cholestercl-specific enzyres
such as sulfokinase, and that the position of the conjugated triene system was
more important than that of the side chain, The princinle 4in these sugeestions
led in due course to recognition of the hormonal imrortance of the nogltion in
space of the la hydroxyl group of the vitamins D (0161, 2688, 2689},
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In 1768 Lund, in his Dissertation (3611, only the Abstract ia cited),
reported the chromacnpraphic separation of some D metabolites.
Paal I ylelded » {taelf on saponification and was Inferred to contain

r

esters.

Feal. II was not identified, hut was atated te be neither 5,0 -trmpia-T nor
pre-vitamin D.

Peak IIT was tentatively identified as wnaltered 1,

Peak IV r7as described as & polar metabolite that "ecould he the mera-
bolieally active form of vitamin D,"

In 195E Blunt et al (0633} pave & hoge daily supplements of D3 250, hnn
IU for 2 dayan, and recovered 1.3 mpg of a pure metabolite from A8 liters of
their plasma. They found this to ke the majJor active component of thelr Peak IV
fractiem, and up to 1.4 timea more active than DJ at cueing rickets in rats
{0613} . Ay a combination of IV, mass spectra, nmr spectra, and gas-liguld
partiiion chromatography, they identified the pure metaholite ms 25-
hydroxycholecalciferol (ES—UH—‘Da} .

In 1969 Deluca {1433) raviewad advances in knowledge of D, noting the
importance of Nodicek's obserxvationm in 1956 that 7 was excreted, not intact,
but =5 metsbolitesm,

The author degcribed hia synthesis of Dgr ergoateral acetate
labeled at C-22,23. e reviewed the fsmclation, characterization, and synthesis
of ZS—GH~D3, which at that time he helieved to be the metabolically active
form of the vitamin., e gtated that EE-GH-D3 was accurulated by the nuclear
membrane of the intestinal mucoga, where Lt induced transcription of apecific
WA for a Ca traneport protein.

In 1969 Avioll et al (0263, paper delivered the previous year) investiratad
the theory that azotemia with bone demineralization in kidney failure miaht
reflect a rediatribution of Ca, and that the observed inmansitivity to vitamin
D might be linired te the inteatinal mucosa. '

Labeled D3 waa given to eight younr adult pacienta with kidney failure,
and findings suggesred:

1. Dafective conversion of D3 to ZS—HH—HS, and
2. Accelerated destruction of DE'

Adult rate then had one kidney removed and, together with controls,

were killed 72 hours after injection with labeled DS' Blood, urine, and
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feces were mnalyzed. Findings indicated a defect in D3 wmetabolism. The authers
suggested that the defect wes in the induced aynthesis of CaBP.

In 1969 Ponchon and DeLucs (§603) isolated 12 metabolites of D, by
column chromatography. They found aver B0Z of the metabholites in Peeks ITL,

IV, Va, and ¥b., Paak I was identified aa eaters. Pesk 1I was reported aas
not yot characterized, TFeak III was Dj unchanged. Penk TV was tdentified as
IE—UH-DE. Pesks Va and Vb from plasms and skelaton were inactive when
bioasaayed, but the same pesks from kidoey contained 377 of the total
D-activity, These and the remaintng peaks, which were fnmctive, were not
characterized,

In 1945 Suda et al. (5588) amnounced the imolatian of 314 pg of a polar
mataholite of D2 from the blood of 4 pips given 500,000 TU D2 per day for 1A
daya. They identified this as 25-hydroxyergacaleiferel (25—UH-DZJ by OV
apactra, gas-liquid partition chromatopraphy, nmr spectra, and masa-spectra.
They feund 25-0H-D
¥

5 Lo Lhave 1.5 timea the rat antirachitic potency of DS bT

: In 1969 Drescher et al. (1559) inveatigated the mite where chicks
discriminated metsbolically against ﬂz. They found that chicka elaborated polar
metabolites, defined chromatsgraphically as peak IV, from both D2 and DE' However,
the Dz metabplite wag barely active {n chicks, while the D3 matabolite was mere
active thean D, itaelf. On bicaassay in yats, both metabolites were equally and
fully active.

The authors concluded that the chick diactiminated against DE at the
metabolic level of the paak IV metabolitea, and speculated that they might
do pa by more rapid degradation pf the D, metaholite.

In 1969 Ponchon et al, (4598) reported that when the livers of rats were
fsolated from their circulations, laheled (1,2-7M} D, introduced into the
cireulations was not convertad to 25-0H—D3.

They concluded:

1. that the liver was the major and perhaps only site for conversiom of
n3 to 25~nH—D3, and

2, that ostecdyetrophy and higher D requirements assoclatad with hepatic
inaufficiency might be explained by thia,

In 1970 Ponchon and DeLuca {4597) prepared ZS—DH—D3 labeled with H

at C26 and 27, and found that 2 hours after i.v. injection inte chicks it

3
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was further metabolized into two substances, identified as Peaka V and VI,
Thay finferved from relative potencies that thaas products reflectad contryal
of I effects by metabolic inactivation of 25~ﬂE—ﬁ3.

In 1970 Suda et al. (5585) veported thac 26~nn-nz wae 1.5 times more
effective than Dz oE n3 at curing riclers in rate: it induced intemtinal
trangport of Ca and mobilization of Ca from bone, and acted In both systems
more rapidly than I, .

They cnncludadhthat the 25-ON-D, was the "elreulating active forn of
BE and that all of the U vitemins and dihydretachysterols runt be hydroxylated
at C-25 in order to become active., Although ES-HH—BE "does not appear quite
as affective as" 25-ﬂH-D3, the authora emphasfzed that their conparisons ware
rrelininary.

In 1977 Suda et al. (5586} gave eipht pigs each 250,00 T D, per day for
28 days and [solated 4N micrograms of a metabolite that was "wnenquivacally"
25,26= (31} 5D,

Thiz was found sirmificantly active only in the intestine, and the
authors cormented chat the 21,25 metabolite was, by contrast, active only
in bone. The question whether these metabolites were intermedistes or
endproducts wais belng studied.

In 1970 Cousins et al. (1181) found that when rats were given N.N25 ng
of labeled zs—nu-nB by intrajugular injectien and were killed at intervals
fram 3 minuies to 3 hours later, 50¥ of the label aceumulated in the nuclear
Eraction of the intestinal mucosa. Then N1.25 pg was piven, 25 of the lahel
accumulated there,

The 25--0&—1}3 was converted in vivoe to two metabolites, fdentified
chromatographlcally as peak V and s more polar metabolite, pear VI. Wirhin
¥ winutes F2% of the lsbal was in peak VI, Two hours after the dose the
balance began ta alter, and by the eighth hour 59% of the label was £n paak V,

The authors concluded that pesk VI was "probably" the precurscr of peak
V. They inferred from the paucity of lebel in the cytoplasm thet both metabalites
originated in the nucleus, and therefore ghould be relevant to the Ca tranaport
mechaniasn,

In 197C Fraser and Fodicek (903} gave chicka doubly labeled D, (4-Lo¢;
1~3H} and isclated from their intestinal cell nuclei a more polar metaholite
than ZS-CIH--H3 with txiple the blological sctivity., They stated that their
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findings were compatible with oxygen insertion at C-1, Other experiments
astablighed that this metabolite was elaborared in the kidney amd nowvhere
eglae. The authors suggeated therapeutic uses for this metabolite in dizorders
aof Ca metabolism involving losses of kidney functionm,

In 1971 Gray et al. {2227) confirmed the finding of Fraser and Kodicek
(1903) that nephrectory prevented the appearance in the gut of the polar
metabolite of EﬁﬂﬂH*DB.

1. The suthors also reported that the metabolite, an produced by kidney
homogenates io vitro, was chromatagraphically fdentical te that found in the
intestine.

2. They also reported that uremia did not prevent its elaboration In
Tats.

In 1971 liotick et al, (2691} gave D—deficient chicka (1—3113—1}3 and 24
hours later they 1lsolacted from thelr intestines, purified, and idenrified
a mztabolite more polar than ZSHDH-DB. The metaholite, ),25~dihydraxycholecalctiferal,
or 1,25—(0H}2—D3, was idantified by apecific chemical reactions, and by 1V
and mass specera.

In 1971 NHorman et al. (4302) reported the mass spectra of ‘Da, E'i—m!-—na, and
1,25—(UH}2*D3 lenlated from chick intestinea {see Fig. ).

In a further 1971 report Wolick st al. {2693) pave more details of their
methade and inferences, They emphasized that the stereacherlcal poaition of
the OH at C-1 had not heen finally eatzblished, but pave reasona for inferring
that it was of.

The authors showed that 1,25—{UH}2—D3 "ox 2 further metabolite therecf rust
be the metabolically activa form of vitamin D in the intastine'.

llowever, 1t was not more activa than ZS-DH-D3 at mobilizing bone Ca, and
wag oot produced in bone culturecas from 25-ﬂH—D3. Therefora {t3 status in hone
was unclear,

The avchers coneluded that this metabolite mdsht have uses in treatment
of D-resistant renal cetecdystrophy amd familial hypophoaphatemia,

In a further report of 1971 Omdahl ot al. #375) found a concentration
of 1.25—(GH}2«D3 in chick inctestines of 13 pmoles/chick, recardless of D
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intal'e, Ca transport vesponded fastar and more strengly to 375 priolea of
1,25-(0) ,~N, than to the aane of 25-NH-D,..

lliowovar, 25-0H-N,_ wag more than twice as affective apgainat vickets In the

rat. Thc authors attzibuted thic tn lonpeyr half--1life, gand ponorted a sinilar
comnarison of effcets an serun Ca,

They concluded that l,Ei-{ﬂP}2-33 wig tho specific active morabolite for
intestinal Ca transoort, hut could not deelde beorecn thia and ?H-hh—nj for
snecificity in Lone.

In 1971 Uorman et al. (4301) injected N, Into tha hearts of chicks vt
ricl ats and found mest of the labal 15 hours with three polar wmetakolites,
25-0H-1,,

250 metaholire was mestly in the intestine, and the 1,25-{W7}_  motalolite

l.!i—{ﬂﬂ}z-ﬂa, and an unldentifisd metabolfte desi-nataod 4C,  The

mogtly in the plasna. Ia further exnporiwents rthese two metabolltos were
fdentifiac in chicl sleleton, lavinc-hen sterus, tat, rakhit, fror, ond
monk.ey .

In 1771 Uaddad et &l. (2337) injected prernant ratn with lakeled D,
and found abauc 277 of the dose in the fetueen aftcr 4R hours, 'facer solukle
netahalites carriod 12,87 of e label in the fetuses. The dags was more
cemesntrated in the fetuasea than in the rothers.

When labeled ESHWT*DE was injected, 27 of the donc was found in the
fatuaes after one hour, topethar with smaller amounts of more polar swtaholites,
Vhen labaled Ua was niven, the waternal/fctal ratieo was sirdlar but the recovervy
of label from blood was emsller than after the EE-GF-na.

The suthors concluded that both of these cormounds were readily trausferred
acroms the placenta, but cautiened that thelr data did not revesl) the excent, if
or 25-111-D,.

3 3
In 1973 Tolicl at al. (2608) avanthesized 1n-ﬁq~u3 from cholesterol,

any, to which the fetuses had uetal:olized either D

I'reviounly they had synthesized 1u,25-(m€}?—ﬂ3 from homocholenic actd, Cnm—l
parisona of rhese bwo aynthetics revealed that:

1. Thay were approximately equipotent for intestinal tramsport of €a and
for its mobilization from bone in both normal rats and rats without kidneya,
lowever, vhile both compounds produced responses at 67.5 prole, when doscs
ware ralsed from 25 to 1257 priole the lu,THH{ﬂH)?—nH rroduced a further
incraase, and the la-MH-D, did not,

3
2. The lu-»DH-D3 was found to ba easier and cheaner to svthesize,
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3. Although 5,6-trgie-D, was alap easy and cheap to synthesize, and

induced Cz transport and mnhiii:gtiun in rata without Wdneys, it was 3N-100
tires less potent than afither 1,25-(Gﬂ}z—n3 or 1u-nH-D3,

4. Iwidence wes needed whether o not la—ﬁﬂ—ﬂa waA further hydroxylated
in vivo., ‘m the one hand, the time lapg to mawirnzl response was tle same as
with la,ES—(OH}E—Dj. ™n the other, the respanse to 1u—ﬁﬁ-n3 had a lower peal
and laated lenpar,

The suthors comcluded that synthetic lm-nn-]_'!3 had a notential uwrefulness
in redicire.

In a further report in 1973 Folich et al. (2689) discuseed the aynthesis
of further anzlops of M.

1, Fram previous wort they noted that 180* rotatdon of the A rinp of My
hrought the 3R-0U into the place occupied by the la=-01 of 1,25—(m1}2-n3; thus
E,ﬁhtrana-na induced hath tranapore and mphilization of Ca in rats without
Eidneys, while 1cs 25-77 derfvative induced only trananort.

2, Therefore, they aynthesizad and tested two ather eocwounds with the
Jg~-01 slwilarly placed. Thesc were 1sa—D3 end isntaahyﬂteruIS, gnd 25-0H-

faotachysterol, was alsoe syntheslaed, All three had both functions in noymal

rats; aurpriaiigly, isatachysterula but not 1au~n3 waa active In rata without
kidnaya. Also surprisingly, the 25*nHviautachyatern13 was acltiwae,

The authors were surprised bacauss, 1f the lo location of 1.25—(ﬂH]2ﬁ3
ware the gctive site, 130—53 should have haen active, and 25—ﬂH-isatanhyster913
lvactive, 1n rats without kidneva, They advanced a numher of thearecically
pogelble evplanationa ta ke tested,

They concluded that "in any case” isptachyaterol, had heen revealed as
another active isomor of D with potential usefulneen In the Ereatment of renal

ogsteodystrophy., They stat:d that its synthesla from nz was ra gimple 3s that
of the 5,6-irams fsomer, and unlfle that ilzomer, was oumntitative, Thus it
would he much easier to purdfy,

In 1973 Omdabl and Neluce (4376) reported further findinps hy theraclves
and covorkers about the mecsbolism of D]:

l. Ilaboratlan of Zﬁwn}l—n3 in tha liver was sukjeer to fondhael conteol,
Time and dome trelationships suapasted that this contrel pave partial pratectiom
apaing: N-toxlelty, and tlhat it econaerved andarenocus N for peviods of lov intatn

and low exposuras to UV,
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= 4 MEnL L.

2, Animals fed low Ca dists metabolised zs-nn-n3 mainly to 1,25—[0H)2-n3.
Those fed normal or hipgh Ca dieta convertad it mainly to z#-25~{nnzz—n3.
syggesting that this might be the atep pt which smimals adapted their D
oatahalism to diffarent levels of Ca intgke,

3. 7o test this inference, chicks were fed low or high Ca dieta, and
4 OF 1,25—{nH32—D3. Thoae given ZS—IJH--D3 adapted
thelr Ca absorption té low Intake. Those pivan 1,25—(ﬂﬂ}2—33 ahaorhed Ca
at the same race from both diets,

3

were given elther 25-0H-D

4. The enzyme system for l-hydroxylation of 25—ﬂH—D3 wf; found only
in kidney mitochondria, had a Micheelis constant of 2.7 x 10 ~ ¥ for inktact
tat tochondria, was supported by 02 and reduced ecofactor, was inhibited by
BE"UDE wixtures and by the inhibitor DPPD, and was active in D—deficient
tiasues,

3, This avatem turned over rapidly., The enzyme had a half-1ife of 2.5
heurs, and its mRiA about 6 hours., In the authora' view, the enzyme activity
was not induced, but rather needed frequent tranmeription and new protein
aynthesis for i1es maincenance.

6. ©Chicks fed & strontfum diet metaboliged Eﬁrﬂﬂ-nﬂ only ko 2&,25—(HH}2—D

and the l-hydroxylase enzyma was shotm te he inhibited.

'3!

7. l-Nydroxylaticon in isolated kidney mitochondria or in kidney alices
wias ingensitive to additions of Ca,

8. Transfer of chicks from low Ca to high Ca diet elavated the gerum Ca
within 24 hours, but took days te awitch the kidney eneyme aystem from
l-hydroxylation to Z4-hydroxylatien.

9. Removal of thyroilds and parathyroids substituted 24-hydroxylation for
I-hydroxylation. This was reversed within 24 hours by 6é-hourly adminiscration
of PTH.

10, However, eince animals fed high Ca diet that was low in P l-hydroxylared
thelr ZEFUH-D3. PTH wam not the only regulatory factor for thia syatam., Purther
atidy was needed, _

In 1974 Kenny et al. (3102) observed that ovulation in laying hens enhanced
the mataboliam of ZS—GH--D3 to 1.25-—{!‘1!{}2-!']3 relativa to 2&,25*{ﬂﬂ}2—ﬂ3.

In 1974 Hartenblower et al. (2477) ocbserved in chicka deplered of D and
given labelad D3 and 1,25—{0H}2-D3, that these were taken up more by the 1livar
and other tissues, suggesting that the liver wam the prineipal aite for
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hrealdown or further nmetatolism of l.ﬁﬁ-(ﬂﬂ}i—“1. Yeerpver, In dorz gimilarls
nreparad, no such preferential disansicion var akaerved, and the anthors
concluded that patheavs were multinle.

Tn 1974 Zarselh et B). {63155} confirmed that the synrbatic analoe 1n7n"-ﬁ1
was A8 potent at stimulating Ca ghaorntion in rachitic chicksm ae was 1,25—(ﬂﬂ}?rhq.
Experimo s with lalnlesd I.u-ﬂ".-—‘."!,* in vitrn indonted thar 1t nrotatty can, In
fact, eowestad ko 1,?5—(ﬂU)?—T1 hafare arorasnine this ncefette,

Ir 1074 Nanter at al. {0409} ohserved in chiclr that frhilitinrn of Ca
absorntion by diphosplanates ncecurrnd ac tha l-“vwiroxylation atan,

Tr 1774 Jores and Telaea (2674) found that ehde "1 'neyr rmotal olf=et
15-“'-ﬁ1 to tka 1,75 and ”ﬁ,?ﬁw{ﬁﬂjﬂ—ﬂj rocalolitens ar nfFfeatdunly an thne
retalnl Loend the “.i,i srrdes, and eoneluds1 that ddaerirication by ghe o0

arainst I, vs nob gk the I-bwdrooylatfeon ster,

"™ '

et o
Tn 1"79 Tall (0465) stvdicd Elv exepotfon of Ty Moratalitas o H{la e
rats, uwsine metbodls that cfreumvorted the dnvolweront 6fF Y416 40 0 abapr-tipon
]
of e
Ve rennrted findinem four chromatarpar™ic matabalites 40 e 0414 and pn

tracr of 11 1kgnlf.

Iv, Tffreta 0q Fazveoz and Neher T{agherm{cal Taramctors

Mree tradicionally the Mochemical role af e vitandns ™ t2 tr onee

tickers, t'iis Pectlor hesins with a atatepent af t™at riclots 12 - ar are,
for many forms of 1t are aor recopnizoad. A convendant taromonn tap mh 7 {atad
in 1M7Ly Fraser £1900). Fis introductorv definipion was:
“Any cordition fn the srowine nerson in vhiel there 48 n nannralizod
failure of hone salte to ha demoaterd promntly i+ the bone matri—
and in the preosscous cirtilace at the zone of nrovisional
caled fication.’
Fraser eclassifled guel cordftiens in Forr wadn rTOUN T
froup I - Riclats due to deffcient fntahn of ahaoration of wvitamin D,
a3 detalled in Fahle 77,
Group Tt ~ Witamin D-refractory rietets rrsultine frorm axcessive +enal

loss of phos-hare and otker rutstances, as detalled In Tables 74 and 74,
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Table 73

Faaturas of the Three Stages of Vitamin D Daficiency (1900%

Stage T

Stage IT

Stage III

Onaet
Saason

Mode of
presentation

Addirionel
phynical signe

X-rays

Sarom Ca

Sarvm Pl
Serum Alk.
* tane

Teine

3 to 7 montha
January to April

Genaralized cowwulsions
752 or
Tetany 25%

Genersl physical starus

good
Minimal or no skelstal

sisns of rickara
EBG + or - (spileptiform)

Winimal signs of rickers

+{9.0 to 5.0 mg par 100
al)

¥ozwal

Slightly or snderately +

Noraal ewive acida

5 to 12 montha
Jaonary to April

Classic skelstal signs
or
As incidental finding 4in

atate reqplratory or
other infection

Clinical rickets,

mnderate to ®
Trousseau test” negative

Clasplc skeletsl signa,
variashls degres

Bormal

+{below 4.0 mg per 100
nl)

+ to +H

Generalized swineaciduria

& to 13+ months
Any messon, commemly wpring

Claspic skeleral xigna

Inplduntel Finding in acate
infectiom

General "walsurritiom"

Coovulsions or tatany

Clinical rickets usually
BevEYre

May have deforwitias

Often salnourished, smewmic,
rarely scorbutic

Hay !lqe povitive Trousssam
test

Clawsic skaletal signs,
modeTate to severe

+{3.0 to 5.0 mg par 100 wl)
+(below 4.0 mg pur 100 wl)
+H o b

Goneralized seivoarcidoyis

Mmu test: Ubatruct elrenlation abowve elbow with B.P.
Watch for carpal spasm.

3 minuteas.

cuff inflated above systolic prassure for
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Table 74

Differentisl Diagnosis of the Four Commonest Types of Group I,

Hypophosphatemic Vitamin D-PBefractory Rickets (19850)

1.
Bypophosphatemic vite—
min D=refractory
rickets {(Siwple type)
(Familial witssmin D
resistant rickets)

Fapnconi Syndrome Group

2.
Vitamin D—dependent
rickets
(Vitamin D-refractory
rickets with amine-
sciduris: Peando—
itewin D-deficiency
richata [Prader])

3. &.
Cystine storage dis- Tyrosyluria (tyrosinemia)
eane (cyntinosis)

Onsat

GConatics

Mode of presen-
tatiom

Additional phymi-
cal signs

12 mos. to 18 mows.

Sex-linked dominant,
or sporadic

Oneset of bow-legs
when acartipg to walk
Short staturae

Healthy, stocky,

strong
Slight to moderate
rickets

Ro urinary symptoma

I mom, to 15 moa,

(1) Autosomal domiuvant

Weaknean, fallore to
stand or walk
Generalized comvul-
siomm or tetmny

Sevare, rapidly in-
creaging rickets +
deformities

May hawve 4+ Trovasesn

No urlnary symptoms

Infancy or preschool Infancy or preschool

Autopomal recessive Autogomal Tecessive

Infomeoy: 1rritsbility, Fadlure to thrive, weak-
anorexia, failure to oDess, faildre to stand
thrive, paller, poly- ot walk, irritability,
dipais anorexia

Pregchool: how=legs, or
knock-knses, short
stature, pallor, pho-
tophobia

Mild to severe rickets Usually ssvars, rapidly
Usually pale, irri- increasing rickets +
tahle, sickly deformities
Hair charseteristical- Pathognomeonic large, Flrm,
1lv gray=hionde modular 1iver + hepatoma
Polvuria (Decasionally

hypothyroid)
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Table 74 {cont.)

Types

1.

2.

1.

4,

Cystine deposits

X-rays

Serun Ca
Sarum Pt

Serum Alk. P'tasme.
Electrolytes and
acid base

BUKN

Faating blaod
Sugsr

Liver fumection
tegts

Plazsma gmino
aclds

LA e
Profein
Glucose
gH
Concentration
Urine amincacids

o eystine depoaits

Epiphyseal plate and
metaphyses show mild
to moderate rickers
Shafts usually sturdy,
well mineralized,
coarge trabecular
pattemn = "chronic
rickets"

Always normal
Marked +

Slight + to moderate +
Bormal

Hormal

Hormal

Hormal

Normal range
Hormal range
Normal

Ho cystine depoaits

Acute severe, active
Tickets

Todo, poorly mineral-
ired shaftn
{letepporosis

Patholegie fractures
smd pssudofractures

Slight + to marked +
't-h_r.lerate + to marked +

Marked #
Normal

Hormal
Normal

Hormal
Hormal

0 -+ trace

0 =+ trace

Normal range
Hormal range
Gruss pgeneralized
meinoaciduria

Cyetine depoaits, cor—
nea and bBone marrow

Pickets uwsuwally moder-
ate, varies from mild
to severs
(steoporosls common

Hormal to marked +
Eaply: marked ¥ Late:
normal to +
loderate +

Normal or aclideaim +
sarum K +

Hormal or marked +

Hormal

Normal
Hormal {cystine mmy be
slightly +)

+ to ++ +

+ to+++

Acdd

Sormal to dilute

Crosx peneralized
aminoaciduria

No cystine deposits

Nickets varies from O to

severe, active, with
ostaaporosls

Normal to moderate +
Marked +

Marked +
Normal

lormal
Hormal to |

Abnormal
Tyrosine typicaliy +
(+ methionine +)

0 to + +

+ 4+ to+++
¥ormal

Hormal to dilute
Gross penerallized

aminoaciducia {especially

tyrosine)
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Table 7% (conc.)

1. 2. 3.

A,

Prognoeis

life axpactancy mor— Life expectancy nor-  Death from uremia at
mal mal or before puberty
Usuwally remains nypo- Cured on high-dosage

phosphateaic, stunted wvitamln D therapy

and aliphtly de-

formed, despite

tharapy

Neath from cirrhosls or
malignant hepatoma in
infency or childhood

Metary phenylalasaine and
tyrogine restriction may
modify progmoais

JIt:‘yl-.ni:i.rmnz visible on cornea with standard ophthalmoscope (#40 lens) or with slit Lamp,
sarrow swears with NHichol prisms.

Yigible on unstained bone



Tabla 75 (abatracted from 1500)

Syndromes not

listed in Table 74 Phynaical aipns Bload Urine
Oculocersbrorenal Onaet: sarly infancy, Low P High amino acids
{Lowae's) syndrome Savere mental defect, {general)
Buphthalmos,

Congenltal cataracts,
Ho deep tendon reflex,
Almost slways males

Opset of rickets at Glycine level Glycine present
puberty normal in larse ampunts
UDRR* with hyperglvein-
urla Ho sperial signs 1isted

HDBR secondary to
chronic laad polsoning,

Wilaen's disease, No apecial signs liated
neurofibromatosis,

ate,
Bickera secondary to Fallura to thrive, Acidoaia meta-  Acid
renal tubular acidosin [ddney stenea, bolic

{Lishtwood's or Variable depres of

Albripht’a ayndrome) tickets

*{IMR ~~ Hypophoephatemic vitamin D-vefractory ricketa

Group II1 -~ Renal ostecdyatrophy secondary to chronlc renal insuffictency
of vartour causes. Signs Include:

1. eclinfieal: anoraxia, polydinsta, polyuriag

2. skeletal: late-appearing, age ?-3, see paper;

3. bleod: atotemis, usuzlly aclidosism, hiph BUN, Alase: F normal to high:
Ca normal ta low; Iow rhe count.

4, wurime: high protein

Group IV - Rickets witl: normal homeostasias of gerum Ca and P primary

1:
matrix defect:

1. Metaphyseal dvaostomin:

a., skeletal: pgee paper;

k. blecod snd urine: normal;

¢, pgenetica: autosomal recessive
Lypophosphacaafasr

&. onset in utero or in firat & months:

1wl
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b. skeletal: ecranium obvicus, see paper;

¢, blood: low APasa; Ca normal to high; normal P and other
meaguraments ;

d, urine: phosphorylethanolanine present: high Py;

a, genmtics: sutoeonal recessiva,

Am 1is documentad in this monograph, physioloegic exposuras to 1V radlatiom
or physfologic intakes of the vitamins D cure or prevent Group I, while cartain
of tha purified natural or aynthetic ''metabolites™ of the vitamins D have
besan claimed to possaas specific potencial applications in same of the conditione
1tated in Groups II and III shova,

A, Effects on Caleium and Fhosphopus

In 1949 Migicowaky and Blmalie (3554) meapured the Ca and P excretiones of
atarving chicks. They found that N diminished Ca loss but had little effect on
P loss, while Ca ingestion diminished P loss, W#hen labaled Ca was fad, the
suthors found that the retained label was coacentrated in bone.

In 1954 Pincus at al. (4555 studied five groupa of infants less than a
week old. Two groups ware fed hregst milk: pne of these recsived D A00 ISP
units/day. Three groups ware fad powdered milk formula; cne received 400 USP
unita in the formula, anothar 600 as a vitamin supplement, and the thiyd no D.

No breast milk fed infant had sepuym Ca lesa than 8 mg/100 ml. O©Of these
fed formulas, 10.9% of the D-free group had serum Ca less than 8 ug/l00 ml,
compared with XX of those given &00 UWSP undes of D, and these threse groups
did not differ from aach other as to sarum P, although the formula had 3-4
timen the P centent of tha breast milk.

Under thewe copditiona the authors concluded that D tended to lower serum
Ca. A trend in the same direction was noted in the two groups fad hreast milk,

In 1954 Carlason et al, (0918) studied the influence of D {(form not stated)
on sbsorption of Py hy rate. When the rats were Ca-deficisnt, abesorption of Py
wad inereased, and the authora coneluded that the influence of D wan Indiract.
When the Ca:l ratio was high, 0 had no influence on the sbsorption of Py,
Howavar, in both cases [ increased the abazorption of Ca.

The authors cencluded that the absorption of Py was "fairly indepandent'
of the abaorption of Ca.

In 1955 Migficovaky and Jamieson (3956) found that whean chicks were given
{a and D orally, the anount of absorption was doee-related to the fed Ca, and
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thet D allowed the chicks to adapt thair capscity for absorptiom to diffevent
intakas of Cx. [ had no sffect tm bone Ca when lahaled Ca was given 1.m.

In 1956 Conrad st al. {1125) gave lactating snd non-lacteting dairy eactle
30 million IU of D, by wmouth daily for 7 days in capsules containing vicateral
1 million IU/g. Tracer doses of labelad Ca and P showad that the absorption
of these minerals was Iincreasad several-fold, and their excrvation was diminiahed,
Rigew of serun P praceded risas of sarum Ca, and Ca lahal dissppaared from the
hlood faater in lactating than in non-lactating cown, However, no effect of D
was demonatrated on Ca label in milk,

In 1957 Conrad and Hanmard (1124) reported similar findings in calwes
glven 5 million IV daily for five days. Increasad Ca levels in kidnay and
apophagua disappeared after eight days of I wupplamentation when two additionml
five day treatments were given, Faemur section sutoradlographs ahowed that
depopited Ca bacame exchanged more rapidly.

The authors concluded that the rate of movemant of Ca through the plasma
was increased, because meyun Ca lavels remained '"wormal’’, and that the rate of
tissus calcification wam approximstely tyripled, When the rate of new bane
growth was maximizad the authors warned that caleificarion might ccowur in the
aoft tiasues, although in thalr experimenta cthia was tranalent,

In 1964 Thompaon and DeLuea {3772) faound that D, fed to rate tripled the
incorporation of 32? into gut muccnal phospheliplds but not into nonlipid P
compounda., Smaller, similar effects wers meen in the kidney but not in the
liver. The affecta were not Ca-dependent, smd the total pheoapholipids and rate
of glycercl and serine incorporations into phospholipids of the gut were not
alterad. Howevar, Py Incovporatfion was stimulated slightly, and was oxidation-
depandent.

The authors concluded that this phespholipld affect of D wight be primary
and directly related to Ca transport {enough Ca may have baen present in the
tismues) .

In 1967 Runt at al, (2818} reparted that D4 but not D, promotad intestinal

abaorption of l::a“I

in Hew World primates. FEarliar studiea had shown lesa or no
antirachitic accivity of BE ve. D3 in several spp.: Cabuya albifrons, Saguinie
gedipue, §. nigricollis, 5. mywtax,

2 2000 ID/kp of diet for 24 months and developed

aevare peteodyacrophia fibrosa. DS was then substituted for 1}2 for five nmonths,

5ix C, albifrons were fed N
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and tha disordar vanished. D-frea dist was then fed for 12 monthe, and the
digsorder raturned. For 12 dayw two animsla vars given D, 500 IU/day orslly,
two vere givan Dy, and two were uncraated, Then the snimals were fasted for
24 hours; sach was then intubated with 7uC of CedT and fad 30 x diet, and the
radioactivity of serum, urine, feces, and skull were determined at various
time intervels. Further studies were conducted (ese original paper for dstaila}.

By each of the criteria in the study, no difference was obasxrved in Ca
absorption between untrested and o, traated snimale, and large diffevences
wvare observed betwsan these and th- DS traated animals, Whan ﬂl‘, wan injected
i.v., it disappesared from the serum at the same rate in all six animals, and
most appearsd in the feces of the untreated animalm, lsee in those given D,
sod satgnificantly lemst in those pglven Ds. Head radipactivity counta nf thome
5 were highar than of the other two groups, which did not differ from
sach other,

Tha authora concluded that D3 but nat D! promatad both the absorptiou sud
retention of Ca and ite deposition in hona in thess snimala, Thay cowmented
that these studies shed no 1light on any diffavences in mechanism of action
batwaan D2 and Da.

In 1968 Kowareki and Schachter (3275) studisd the role of D, in the
transport of phosphate scross rat {ntestinal mucoss, Thay foumd that Da
given to rats before death increased tha transport of phosphate as messured
aftervarde in vitro.

In vivo experimeats Iindfcatad that B actad dirsctly on the gut without
prior activation. However, tha trlnlpurt-d 32? nixed with only & small part
of the P, already in the mucosa, so that tha Ifflct of B! on ite incorporatiom
into -ntnbulitaa could not be mmasursd. This and other findings led the suthore

to conclude that the influence of D

given T

5 OB P transport was separats from itm
influance on Ca transport.

In 1969 Hashim and Clark (2491) uaed Euﬁﬁ to study the role of vitamin IJ2
in Ca trangport through tha small intestinse, Male waanling Holtaman rata wers
prepared by dist to be normal, hypo-, or hypervitaminotic D. Ca uptake and
releass were maasured in vivo, snd in vitro using sucosal cell suspenaions
wainly from tips of villi.

The authors repoxrtad that:

(1} Both hypo~ and hypsrvitaminotic cells accumilatad mors Ca than noraal

ﬂ'.'l].. -
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(2) Call upteke wee found to be passive at 0°C, while at 33°C there saemed

to be an active carriar system dapendent om glycalytic smergy.

(3) Releass of Ca was depressed in hypovitaminotic suspensions,

(4) Releasa in vivo was delayad in D-deficisncy and accelezated in

D-axcesa,

Tha authors comcluded that vitssin D was invelved in the release of Ca from
the sucosa into the blood, but not In its uptake from the intestinal lumen.

In 1969 Olaon and DeLluca (4367} faund chat perfused inrestine from D-deficient
rats had about half-norma) capacity to transport Ca. Addition of 2.5 ug
15—{!1-!13 norwalized the Ca transport in two hours, while addition of D, to
the parfweate had no effact during four hours, _

In 1969 Daluca (1453) summari{red some of the work of his laboratory on the
mytabolites of DE, nl, snd Di'

He cited the finding of Scohs and Defuca 1n 1967 that ZE-QH-D3 wae accumilated
by the nuclear menbranas of the intestinal mucosal cells, whare 1t induced
tramecription of oRNA specific for a Ca transpoyt protein,

In 1971 omdahl et al. (4375) reported on the hiclogical activicy of the
naw metabolite, 1 25- (ﬂﬂlz-ﬂa.

Chicks and rats wera fad purified diets or in some cases the Stesnbock diet
(Table 1) plus predeterminad smounte of Ca and D, and reecsived labeled
mtabolites, Chick bicasssys ware performed using intestinal loops in situ,

Bat antirachitic bicaseays wera parforsed accovding to the USP. Bone
dacalcification bicassays wers performed on blood samples, by atomirc ahsorption
spactra. (Sea papsr for details)

(1} Tha chicks responded to ae littls as 195 pmolas of !5-{11—-!!3. pask
responsed occurted 24 hours sfter dosan, amd tha doss-rssponse curve was linear
{rig. 5). Rasponsaa to “3 vare about 3 houra slowey, Reaponses to 1.25—{ﬂH}2—D3 |
paaked at 10 hours and at twice the values of the rasponeaes to 25-(&]2—113. .
Two other watabolites elicited no responses, See Table 76 and ¥iz. 6,

(2) The rat antirachittc effact of 1.25-(011}2-1!] was only 0.4 of tha
ZS-M-DE effact, and one of the two other setsbolites bad no affect.
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Fig. &. Responss of chick intestinal caleius abgorption to
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the averags of -7 chicks + standerd argor. (Or———i}}

325 pmoles givea iv; {(O0=——-—-0) 325 pualaa given iv;
{Or——~=01) 325 pmoles sdministersd orally. (4375)
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Table 76

Stimulation of Intestinal Caleium Absorption
by 25-MCcC, 1,25-DHCC, and Paak V

Matabolites (4375)
RTAM
(ta) /25
hosage Domage ta - HCI:‘.b o
Compound (puoles) Mathod (he) {tg P2
25=HCC 155~455 Iv and oral 24 1.00
Peak ?ﬁj 227 Oral 24 a
Paak V 258 Iv 24 a
1,25-D 455 Iv 24 0,72
1, 25-DHCC 455 Oral 24 1.09
1, 25-DHCC 335 Oral 25 0.97
1, 25=-DHEC 325 Oral 10 2.00

ata represants: time of assay following dosage. *E(Hﬂ: ¥

“5c¢ absorption for metsbolite at time tg)/(nat 345 Ca
absorprion for 25-HCC st time 24 hr) where nat T Ca
sbsorption = £ 43Ca absorption for matabolite - % 45Ca
absorption for comtrol. °SRTAM = ralative transport activity
wetabolice.

{3} 'The bone Ca mobilization responme to 1,25-(CH) 2_D3 wvaa significant at
24 snd 72 hours, Tesponass to ZS-BH-DB were aignificantly higher at both times,
and both groups were back to oorma) at 26 hours.

Tha suthors cowmsntsd that they had obtained a bons Ca mcbilization
reaponse to the 1,25 vharess Kodicek's laboratory had not.

They concluded that:

(1) 1f 1,25-(0R) 2-—1::3 waa the final active matabolite, made in the kidney,
then it wouyld ba sequestered by the intestins, the rarger tiasue. There,
ite action was quicimr, briefer, and mors intense than those of 25-0H
and na.

(2) The total antirachitic effect of the 1,25-(0!!}2 was less than those
of the lemger-acting 25-0H and D3'
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{3) The data did not reveal which of the 25~0H and 1.2!‘»—(«:’111}2 forms waa

the final active metabolits In bone dacalcification.

In 1571 Boyle et sl. {g705) gave 325 pmolea of 25-OH-D, to rata by
intrajugular injection; 12 houra later 1.25—(0H}2-D3 was found to accumulate
in the serm.

(1) When the Ca contant of the diet was increased stepwise frem 0.021 to
2%, 80 was ths serum Ca contant, while the 12-hour level of the 1,25-—{0!1}2-—113
dininished, and the level of another wetabalite, 21,25~(0H),-D, increased.

(2) When the rats were Injected with D3 inatesd of 25HGH-D3, these
diffarances wera sccentustad.

£3) When the diet contained 31 Ca and 201 lactoae, the formation of
1,25 (oR) 1-1)3 was suppreased.

The authors concluded rhat the productiom of the final artive mectabolite,
1,25-{(d) z'“a' was part of tha machanism by which rata sdapted to low lﬂpll of
distary Ca.

In 1971 Waset {6178) commented on claima for tharapeutic utilicy of
ES—DH—D3 made by DeLuca and coworiers. FHs pointed out that 4{n D-refractory
rickets lictle or no 25—0!!-113 was alaborated endogenously whan I.'l3 wag givem,
but administration of tha meatabolite gave rapid, short-term responses. The
suthor stated that thie should enabla the comlative toxicity of D to be avolded
in such cases, and the therapy to he finely adjusted to ths patients,

In 1972 Glorieux at al. (2124) trested elight patients (aged 3-15) with
X=linkad hypophosaphatemia for 1-8 years with oral Py 1-4 g/day and D
10,000=50,000 I0/day.

n this ragimen merum P averagad 4 ag/100 nl (85Z of valuas over 3 mg),
arowth was accelsrated, dwarfisam was corracted in 5 cases, and X-ray avidence of

2

rickats disappeared in all cases. VWhole-hlood oxygen pressure, low in untreated
patisnte, wvas normalized, hypercalcemin wvesa limited to five minor spisodes, and
no evidencs of ectopic calcification was observed,

The authors commented that their combined P and D treatment involved
inconveniences thet were outweiphed by ita apparent clinfical sadvantages, snd
that it provided "a uvaeful way to neutralize the clinical sffects of the mutation
in X-linked hypophosphatemia, until a more basic spproach 1s discovarsd to
corract the defact in phosphate transport.”
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In 1973 Tanska gt al. (5684) reportad that rats treated with 23-0H-D,
had more active iotestinal Ca trenaport when fed &4 low-P diat than when fad »
noroel-P diat. Also the ssme vats syathasized wowe 1,25-{CH) z-lll3 in the kidnay
with tha low-P diast.

The suthors concluded:

(1} The low-P dist stimylated the 1,25-(0M),"D, production end, thereby,

increased Ca tranmport.

(2) S5ince the hypercalcsmia supprespad FTH secretiom, FTH was not necessary

for synthesis of 1,25~ {ﬂi]z*-]}! by the kidusy.

(3) Howevar, kidney concentration of P, could be sn important determinant"

of 1.25—{(1!1}2-113 production.

In 1973 Hasmusesn and Bordiexr (4760) published an opinion on the natural
hiatory of csteogemssins at the cellular level in order to account for observationa
that ware inconsistent with the classical Albrightisn viev of bone metabolism
anl turmover. Fig. 7 summarizes theilr prefearred view, and Fig. 8 an alteruative
that they reagard as "less likely." Fig. 9 summarisas hormonal influsnces, and
the authors pointed out that In primary hyperparathyyoldism doses of Py ofcan
rastored skeletal balamce, while patisnte with venal osteodystrophy without
avidemt D-daficiency had & secondary hyperparathyroidisn and retention of P
that resulted in positive skelatal balance, The authors claimed that thelr
mode]l axplained why hypoparathyroid patisnte alsc showed a small net positive
sksletal halance, dus to stimulation of other areas of bone growth.
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Fig., 7. Schematic Bepressntation of the Saquence
of Callular Bvente in & Jona Resodaling Tnit on
the Endostasl Booa Burfece. (4760) .

‘Tha inizial atep (left) im the activation of
nasenchysal cells (MC) ta becoms neteoprogsnitor
calle (0¥, vhichk by further divisios hecoms
prapsteccissts (PC), which thax fuse to hecoms
astecclasts {OC). Thess sventually undergo modulation
te bacoms precstechlasta (PR), which go on to become
ontsocblawts (0B), which aftar completing their
synthetic funccion became ostescytes{0). Onca the
sequsnce of avenbe hae tramspived, the oatsocytes

in g hens matebolic uelt fusctfon iw maintadning
sineral Sowsostasis. In carrying owt this funetion,
thay recgpitulate, in s semss, o siwmilar cell cycle
of resowption (eetesclsstic oatsccyte - OCO) and
formation (ostechlastic osteccyte - OBO), 1In severe
hyperparathyroldisn, tha osteaclastic phase of the
ostmocytic call cycla may bs sxmggerstad to the point
whers savaral sdjacent osteccytas ramove all the bone
betwean than, and thea fuse to bacows cateoclasts.
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Fig. 8. The Three Posaible Basults of Remodeling
Evanta in & Single Bomwe Remodeling tmit. (4760)

The formation (F) phase may not replace the bone
during tha rssorption (R} phase (i); the two pay be
balanced (B}, or tha forsstion phxss may add more bone
than that removed during the yesoxption phase (C).
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In 1973 Umdahl and Baluca {4376) raportsd further matabolic effects of the
D3 compounda |

(1}

(2)

&)

(4)

(3)

At phyaialogic doses 1,25~ (OH) z--IJ:i or perhaps a further metabollites of
it waa the agent of Ca mobilisation from hona. However,

at high overdosage 25—03—113 wes more active than 1,25« (0H) z-Dj.
Howaver, in vitro {tissue cultures), 131,000 pmolas/ml of D3 did not
mobilize Ca from bone, 6% pmoles of IS-OH-DS wia active, and 65 pmoles
of 1,25-(0R) =D, was 100 tineas mors active than the IS-DH—Da.

273
Por transport of Ca acrosa iasolated rat inteatines in vitro, ZS-DH-D3

was active at 60,000 pmoles/intestines; 1,25-(0H) ,~Dt, was more rapidly
active at 55~-325 pwoles, and wms nat further mstebolized,
1,25—{0H}2-D3 had hardly any antirschitic sctivity wvhen given saven
days before a US? lins test, or when given orally in oll ac the plasma
Ca of rats fed low Ca diet, whila similar doses of 25-DH-D3 did
maintain the plasas Ca.

However, 1,25-(&HDZ-D3 glvan 1.v. was as affective as ZS—GH—D3 at
maintaining serum Ca, and was 2-5 times mors potent at supporting

bone calclficetion and at maintaining sermm P leval in rats fed low

P dist., The suthore concludad that 1,25-(0“)2—D3 turned over rapldly,

and should be given by injaction,

Reviewing thase and other results to dete, the suthora (4375) summerized
the principal actions of I as followa:

(1)
(2)

Raquired for normal caleification of bons,
Requirad for housostsals of plasma Ca lavels sufficient for normal
calcification of bone.

These sctions involved thres principal mechanisma, outlined in Fig. 10:

{1)

Absorption vf Ca and perhaps also P from tha gut.

{2) Mobilization of Ca from bons into the plasma,

{3)

Reabsorption of Ca snd P by kidner tubulas.

These actions wera proparties, not of D3 which waa i{nactive, but of ita
matabolites, and aspecielily of:
{1} ES—GH—DJ — poasihly sctive in Ca mobllization from bone; finsctive fn Ca

absorption from tha gut.

(1) 1,25~{nu}2-n3 =— direct activator of Ca absorption.
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{3) 24,25-(0H) ,-D, -~ abupdant in tiseuas; active io Cs webilization from bone;
alightly active in Ca sbsorption from gut.

(4) 25.2&-{6&)2"113 —= active in Ca sbsorption from put; almost inactive in Ca
acbilization from home and in bons caleiffcariom.

The authors suggested that metabolites {3) and (&) might be intermediares

in the breskdown and execration of mstabolites (1) and (2).

D2 waa as sffective in rat snd man s Da. It was known to be converted
to ZS—GH-DZ, but further studfes were lacking. In chicks ZS*DH-DZ wan almost
inactiva, and the posatbiliry that ite onward matsbolism and azcretion were
accalerated roquired study (4376).

The principal mechanisms were further discuneed in somm detail (4376):

(1) ¢a absorption involved a specific carrier protein (psrhaps mora than
one), and alwo atryctural changes in the brush-horder wmembrane. Eea
Fig. 11.

{2) The rate aof Ca absorption deapemded on the flow rate of 1,25—{ﬂﬂ)2-D3
from the kidneys, where l-hydroxylation of ZS-UH-D3 wvas normally
regulatad by the supply of PTH. Thus PTR acted as tropic hormome for
tha Da-ﬂlrivlﬂ hormone {sea Fig. 12).

{(3) Cs mobilization from hone was a concerted sffect, in the bone, of PTH
and eithar ZS-GH-D3 or one of its matabolitss. Mobilisation was
inhibited by calecitonin independently of the DH matabolices. How
this eystem worked was atill to ba discoversd.

(4) Ca deposition in bona vasulted simply from superaaturation of the
plasme with GCa x P, rvesvliting from absorption and mobilization, Thus
Ca moved continually between plasms and bome.

(5) The D metabolites posaibly snhanced absorption of P from the gut, and
possibly enhanced resbeorption of Ca and P by kidaey tubulaa,

(6 1,25-{0&1}2-113 acted fastar chan its ZS—GH-DS pteeyrsor, which in rurn
acted faster tham “3‘ Not anly fastar, but also more briefly,

Some effecta on these sachanisms ware:

(1) 1.25-(0H)2—ﬂ3 had littla and transient antirachitic acctivity, by
bioassay, aftar oral ingsstion; it mdght be mors sffactive by injectiom.

{2) However, l.zi-ﬁﬂﬂ)zﬁﬂa vaa affective whan given to rats without
kidoeys;: it by passed both sites of contyol, vhareas exogenous
Zs—ﬂﬂ-na bypassed only the feadback controle in tha liver.
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Fig. 10. Schesatic summary of phyeiological actions of witamin D.(4376)

resingl

120l
|-arngn

inlest
inlestnol mucosnl csll surface

LY

Fa* Ca*r

20,

Fig. 11. Schematic summry of possible function(a) of 1.25-(011)21:3 in
caleium translocation in the inteetinal mucoss cell. (4376}

203



-

HORMONAL, L OOP
DERIVED FROM VITAMIN D

LES{0H), D, :? ‘_,I,EEIDH].D,
r (’ PTH ]L

&
A

INTESTINE

PARAT HYRCID
GLANDS

OTHER FACTORS

“VITAMIN D

Fig, 12. Schematic designatien of hormomal comtrol loop for vitamin D
metaboliss and function. A drop balow sat poadnt for ssrum calclum of

10 2g/100 wl prompes a proportiomsl sscreties of parsthyroid hormons
that acte to incresss boms resorpticn aud thus slevetss esrum calcfm.
Parathyroid hormous aleo directs wsisbolism of 23-0MDs to 1,25~ (W) 2-D3
32 kidney, whare "hormons™ 1,25-(ON)y~%. acks both ou bose and istestine
to mebilise caloiym from bone amd tntpaltnal contects. is servm calefum
incresses towerd its sst poimt, parethyroid hermone secretion is
propertissstaly decrasesd. (4376)
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{3) Sevaral drups affectad thase sschaniscs in varicus wayw.

Some specisl sffecte of synthacic analogs of Ila on thess mechanismé
tocluded: '

(1) The dihydrotachysterols had 1/450 of the mtirachitic potency of Il3
in physinlogic doass, but high doses wers markedly sffective.
Dihydmu::hyutamls. gynthaaized by the authors, was mors affective
than Il3 in kigh doses, and waa affeciive In rata without kidneys.

(2) 5,6-trans-23-0H-D,, ayntheeined by the authors, was as affective sa
25~ﬂH—d:lhrdrntuhntnnla. also synthasized by the authors, at
atimulating Ca absorption in rata without kidneys, but did not
sohance Ca mobilization from bome.

(3) §,6-trans-b,, aynthesized by the suthora, waa effective om both
systems in rats without kidneys.

(4) ln—oll-—na. aynthesized by tha'nuthnu. was ef factive on both syatems
and also on bone caleificatiom. Given by mouth, it had mors acivachitic
potancy than the patursl Iia-dnriﬂd hormone, and it hypassad the
kidney step. Whether it required tha addition of 25-00 by cthe livar
was uncertain. f(Later work by others (6353) has indicated that
25-hydroxylation does aceut). :

The authors gave thres reasons for studying the D3 matabolitea and symthetic

analogm!

(1) To slucidate tha modes of acticm of the vitamins D.

(2) To revesl the atiologles of the D-resistant forms of rickats sad other
disordexrs of Ca and P metaboliem.

(3) To develop specific, low—doss treatments of thesa disorders that wiuld
eliminate the hazerds of current trsatmants with msssive doses of
D witanins.
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B, Effect otain

In 1965 Morsan (§303) found thet ths Ca—shecrption responses of rachitie
chicks to Dy wers actinomyain semeitive, and concluded that the responsas
raquired an wispaired REA-synthesizing syatewm,

In 1965 Taylor sad Vasssrman {cited in 1537 ) discovered calcium-binding
protein (CalP) in chicks,

In 1967 Kodfeak (3214) found that the transport of Ca across rat
iotestinal mucosa was sctive and at least partly D-depsmdent; there was no
D-dependanca at high Ca conceutrations (115 s¥) fn the lumen. Other eaparimence
suggested stimulaticn of transport by parathyroid hoemoma {PTH).

The suthor comtwsmted that in his studies no evidence wvas found for a suggosted
involvement of phosphalipide in D-dependent Ca transport. However, his data would
be consistent with other suggestions cited, of UNA~ or RNA-linked syntheais of
a CaBP (3214).

Tn 1969 Avioli st al. ©269) reported that uremic rate had lems CebP
sctivity in dupdenal sucosa than norwal vats, and oral Dy made no diffarence,
Howavey, prior doses of 25-—&1—113 increased the CaBP activity and the transpert
of ca*i.

The suthors suggested that:

{1) 25—ﬂa—n3 ditectly stimulated transcription, or indirectly altered

tuclear membrane parmeability. in the mucoeal cells,

(2) the resultant protein was sither & translocase or LranspoTt snzyme,
or W ideui:iul to the chicrk mucosal D-dependemt CaBF describad by
Wasserman (éited), and

(3 1f an, any dacreass of Ii—ﬂH-D] in the gut in uremia could diminish
synthesis and concentration of Call and wo could scenunt for the
characteriatic Ca absorption dafact of uremis,

In 1971 Tenaka 1§ al. (5687 ) reportad that the Ca transport response to
ES-H-D3 was blocked by actinomyein I but the rasponse to 1.25-((1'&)2—113 wag not,
From this they concluded:

(1) that the 1,25-(0H),~D,, or & further metabolite of it, and mot

25—&-113. was the form of D, responsible for effscts on Ca
traneport in the intestine,
(2) chat the effects did oot involva transcription of DNA, and
{3) cthat all affects of Dy on Ca transport in the intestina were dependent
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on metabolism of 23 OH- to 1.!5-{1'.'&]2-‘.'13 in the kidnay, which 44d
invalve trsascription of DHA.

In 1971 Drescher and Deloca (1537 ) reported that they had purified rat
Cali?, :
In veview they noted that CaBP wea first cbserved in the infestines of
chicks with ricketa by Tayloxr asd Wessaymen (cited as Nature 203: 24A, 1563),
end later was reportad im rets, dogs, calwes and wonksys by various suthora
{citad). It appeared in the macoss in vesponse to D, Estimatas of ww varisd
{n the Iitarature for axsmple, 13,000 hy gal filtration, 25,000 by sedimentation
equilibrime, snd two proteine of 24,000 and 145,000 by different techniques.

The authors reported that a combination of colusn chromatography and
gel filtration hed revasled two homogenecus proteina, one poasibly being the
precursor of the other. The final CaBP was confirmed as homogeneous by column
chromatography, disc gel electrophorssia, and ultracentrifugstion. Howsver,
the we was 8,000~9 000 by ssdimentation, while it was 13,00C by gel filtration
and by elactrophorasie,

The authora sttributad tha discrapancy te ome of:

(1) Asymmetry of the molaculs (prefarred, and if sc, the ssallar sw would

ba correct), or

{2) Specific volume augmented by, ¢.§., bound lipid (1f eo, the larger ow

would be correct, but consideved lass likely).

tn 1973 Chapman et al. {973 ) reared some guines-pigs in the dark far 16
wasks, giving tham nil} to 220 JU DZ! per 100 g dier. Thay found that with a nermal
Ca:P ratio in the dietr the puinsa-plg did not nesd exogenous o+ to prevent
ricketa during wost of {cs growth, and that ite intestinzl CaBP was not
D-dependent; if axogenous D waa nesded, then the smounts msaded wers too small to
ba bioassayed in the dist,

C. Parsthyroid D Intersction

In this monograph the sxpression PTH means parathyroid hormone, and i
used for studies that were in fact carriad out using parathyroid extract, as
all sathors cited make clear, Since it was sarly concluded that the effects
cited wers those of the hormone and net of 2 conyaminant (3154), and no contrary
opinioms were found, the mingle expression PTH has besn adopted fov clarity.

In 1953 Klein and Gow (3154) studiad children agsd two weals to 12 ysars
who had no evidence of kidney dysfunction but various other diserders. They
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studied the respomses of tha kidneys to injecticom of PTH, They found that ¥IH
incrsased the glomerutar filrration rate apd diminished readsorption of P On
the other hand D inersssad tha filtration but did oot inhibit the eoffect of PTH.
The suthore inferred that D ishibited the sscration of PTH.

In 1964 Dalucs and Sallim (1456) veported om sone aubcellular actioma of
PTH in relstion to B, found duriag in wvitro axpeyiments.

As 1o kidney twbulewn, #0 in mitochondrisa PTH incresmed Ca sfflux and Py
influx. Sao did D, perhaps eynargiatically with PTH, and perhaps through a
metabolita of D. ‘

PTR dapresasd oxidative phosphorylation but unsxpectedly in soma casen
stim:lated respiration, suggestiog an incrasse of nnn-phuphnrylntha oxidation.
This resapirstion required substrsta and aleo buth Py and Hg It was shown
that PTH stimulated uptaks of ?1, and that l-lg was trlmpnrtad nlm with Pi
Less effectivaly, PTH could he made to tranaport HMG‘ or Bn* ; Also with
incraased respiration., Howaver, although othear anloms could be aubstituted
for Py» the authors had basn unable toc subatitute other cations for HEH.

Tha involvemsnt of PTH in mitochondrial reepiration was aupported by
results of PTE~dapendant ATPase studiea.

Neverthalesa ths authors cautioned that these saxperiments had involwved high
doses of PTH and, whare D was involved, sxtrems degrees of defieisncy bd;au
replacemant. They concluded that mitochondria ehowed promise &8 & system in
which to study the blochemistxy of D and PTH ralationships.

In 1963 Ney ot al. (4236} measured clearances of Ca, P, and hydroxyproline
in rachitic doge bafore and after removal of rhelr parathyrelda and after PTH
replacemsnt therapy. They reported thar:

(1) Bafore removal, essvum P wag lower, and P clearance was highar, in

rachitic dogs than fn contrels.

{2) Afcer removal, urinary F and P clazvance decraased, showing that the

tubules could could comsarve P daspite D deficisncy, snd that spndogsnous
PTH could decreass P conservation at tha tubulea despita D duﬂnhncy.
(3) Afcer removal serum Ca fell, and it rose with subaequant PTH
replacemant. Thie could not be due to changes in urinary Ca, and
sugsasted an sction of PTH om bone, '
(4) Urinary hydroxyproline rose after removal, and fell after replacemant
of PTH, sugpesting an action of PTH on collagan netabolism durfng
D-daficiency.
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Iz 1966 Hayrisom (3448) reviswsd work in his and othex labovatorien on the
ralstionship betvesn PTH snd D, Ha concluded that D wes nesdad for the full
sxpression of FTR activity, Fa sutuised that the affectas of D on cell
permesbility to Ca wight explain findfngs that D could facilitate oy subatitute
for PTH.

In 1966 Arnaud ot al. (0230} found that responses of parathyoidectomized
rats to PTH infusions differed according ta whether the rate wars fed or deprived
of D. Msssurepenta included plassa Ca and P, and urinary Ca, F, Hg, Wa, and ¥.

They concluded that in the prasence of physiological comcentrations of
PTH, D was necessary to mohiliza Ca and P from bona but not for the actiom of
PTH on the kidney tubule.

In 1967 Marnay-Culat {3719) veported that in parathyroidectonized rats,
guinea-pigs, and chicks, the influsnce of purified PTH on blood Ca luvel wae
depandent on small smounte of exogencua D, Om tha other hand, the PTH effecte
on serum and urinary P were not always D-depandent.

In 1968 Gross aod Scriver (2269) studied the relatiomahips hatween FTH and
urinary axcrstion of P and awino acids in rata made hypocalcemic by Ca- and/or
D~daprivatione.

(1) The axcretions hecame exceasive whan blood Ca fall below 6.5 ag/l00 ml,
and the P axcration was exceasive 2-4 waeks before the amino acld
sxcretion,

(2) Ca injections that raissd bleod Ca abows &.3 wg/100 ml normaliaed
the axcretions within eix hours,

(3) PTH incressad the excrations sven when it aleo raised the blood Ca.

(4) The size of the parathyroids incraased in proportion to the bload Cs
deficit and the axcrastion axcesess.

(5) Removal of tha parathyroids normalized the sxcrations withia six hquys.

The authors concluded that the sffects of D-deficiency on excrstiom of P
and free amino acids occurred in the following arder:

0 deficlency:

Dinintahed Ca sbsorption and Ca wobilizatiom from bous hypocalcemia,

Hypocalcenmia,

Secomdary hyperparsthyrcidiem, and

Inhibited tubular sbsorption of P and saino acids.
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In 1968 Ney ot 1. (4235) ehowed that D, bad sctivities independsat of M.
Thirtesn mmgral pups wers cagel, deprived of TV, and bagame rachitic clindcally
#nd blochewioally in 3 months. Thew, thyroids snd parathyroids were ramoved,
and ssch animal was given thyroid sxtract 83 mg/day. Clearance studles were
conducted under control conditions amd after variows treatmenta with By Dy
Ca, and PTH.

The authors found chat:

(1} D decreassd tubular resbsorption of P, and this "often" was seen

before the D-induced rise of sarum Ca.

(2) REffacts of D similar to thosa of PTH were "mich alowar in onsst”, and

this could not be attributad to delayed absorption of ths D.

¢{3) Unlike PTH, D did not increaae the urinary output of Hydyexyprelina.

The authors coomaented that larpge doses of D were naedad to saintain
hypoparathyroid dogse, s8 with humgnm, and that smaller doses used in the presance
of intact parathyroids "might not have demounstrable tubylar effects.”

In 1969 Trumsal at al. (5847) atudied ip vitra the sffects of small
concentrations of 25-0H~D, on mobilization of previcusly incorporated Ca
fron rat bones in timsue culture, Earlier, large doaes (300-400 ID/ml) had
given inconsistent results, snd the doses used here, 0,9-27 IU/ml, constantly
ralaased the ﬂaﬁs. The time course wag ainilar to that of raleaase produceéd by
PTH, and both were inhibited by calcitonin. When PTH and 25—DH—D3 were added
togather, more ﬂn“ wan relegsad than cthe sum of separate addiciona, and the
authora inferred aynergisnm.

They noted that the low-level additions were comparable with concentrations
resulting from therapautic doses of D?. in vivo, and suggested trial of 23-0H-D
as a superior therapy for hypocalcemia.

In 1970 Suh et gl. (5593) reported that home Ca was mobilizad by PTH in a
femals with pseudohypoparathyroidism and receiving 100,000 IUfday of Dz- The
raaponse was seen vhen Ca Intake was low, but was minims] in the absence of D
therapy.

In 1971 Arnaud et al. {0228) reportad studies on patients with X~1linked
dowinent hypophoaphatemia in which males, but nor always females, had rickets,
Part of this disordar was impaired kidney tubular reabsoxption of P, and the

axcassive urinary excretion of P could be abolished by Li.v. infusions of Ca.

45
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Tha quastion was whather the disarder was cauned by a dafact In the metsholiam
of D, or by a primary dafect in P transpert. In the firet alternstive PTH
sacration should be exceasive, in the second it should be normel.

The authors found that sarum ismumoresctive PTH was normal in their patients,
did not influence tubular reabsorptien of P in the males, and was increased by
sdminietration of phosphates. They comcluded that thase patients countainad a
P trapaport syatem that was insensitive to PTH butk, in the kidney, was raespongive
to Ca, .

In 1972 the same authors reported (0227} that the preatsr the D-deficiency,
the higher ware the sarum PTH lavels.

In 1972 Glorieux and Scriver (2121) investigated 135 patients with
X-linked dominant hypophosphatemia, described as D-reaistant rickets in which
over—-excration of P, by the kidneys responde to 1.v, infusione of Ca.

The authors hypothaesized that the kidney snomaly was primary, rather than
ascondary to Inpafred D metabolism and Ca sbsorption with excess FTI productionm,
becauss the condition aleso vesponded to Py veplacement.

Uaing various methods (see original paper) they ohserved:

(1) That a PTH-sensitive factor for Fy transport was rasponsible for sbout

two-thirde of Py reshsorption in normal human kidreys.

(2) Thia factor was partly absent in femalea with X-linked hypophosphatemia

and totally absent in male patianta,

{3) Mnle patients had & residusl factor that could be saturated, as in

normals, that parmittad two—way flow of Py acroas the tubulea, and
that was not sensitive to PI'H but was sensitive to ﬂa++.

The suthors stated that not all features of the condition could be explainad
by these occurrences in the kidney, and sugageated that Iy transport across other
cnll membranes mipht be impaired fn ways corresponding to the (probably different)
eyatems for Py traneport in othar membranea. In addition thay auggeated that
diffarent Impairments of Py transport would be found to described the different
clinicel varianta of X-linked hypophosphatemia.

In 1973 Kind et al. (313§) reported in an abstract that D enhanced the
affects of FPTH on renal handling of P and on mohilizatien of Ca from bone, both
in hypo- and in pseudohypo-parathyroidism. At the sama time there were no
affacta on changas of nrinary cAMP levels. The authors commented that this ahowed
that the renal handling of P wasn "not entirely mediated” by cAMP,
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D. Eifscts 9q CILTALs Mezabglise.

In 1953 Stesmbock sad Bellin (5521) found in rats that phyaiological doams
of D increaasd the citrats content of blood, bone, kidney, heart, and small gut
but not of liver. Preseunce or absenca of bicarbomate wam irrelevant. The
authors comeluded that obeerved incrasses In urinary citvate reflected these
accumulationa,

In 1954 Bellin et al. ©468) found that D increased the excretion of
urinary clerate by rate fed diate of widely differing mineral contents. Although
high P dists resulted in higher citrate excretion than low P dists, petassium
phosphate supplementa diminished citrate excretion. The pH was found
irrelevant, and addicions of Huﬂﬂﬂa had 1litele effect, The authors concludad
that D acted to increase citrata aynthesis vather than to decrsase its
dastruction.

In 1954 Tulpule and Patwardhan (5858) atudied Ewbden-Mayerhof pathway
(EMP) activity and pyruvate oxidation in cartilage of rechitic and D-tfreated
rata. They found no shifta of EMP sctivity but pyruvate oxidarion was
diminished in rickats and resatored by D, They inferred that this might influence
the formation of citrate, for which & role in hone calcificatifon had been
proposed.

In 1961 Rao and Patwardhan $72%) etudied tha glycolytic-lipogenic
pathway enzymes in rat cartilags during experimental vickeats and {ts healing
by D,. The formation of acetyl lipoats and GoA were diminished and increasad
reapactively, and the authors concluded that this could aceount for reparts of
sgimilar effects on citrogenase activity.

In 1962 8shashl ec.al. (49%1) found that D, wam more antirachitic than D

k| i
in chicka, Judped by analysea of bones for P, Ca, and total ash. D. also

increased citrate and pyruvate levels in blood and kidneys. Sulfat:-535 was
slso markedly increased in tibias after na.

In 1961 Rao and Patwardhan ($725) investigated the role of citrate mataholism
in D=deficiency rickets,

A total of 1456 young rats were made rachitic by a low-P diet and some wers
given D supplements. Cartilage was then incubated for in vitro atudies.

The authors found that formetion of acatyl lipoate from ATP and acetate in
the cartilage was diminished by P daficiency and was restorsd during healing

induced by I, The restoration wem significant at 48 hours after D, and at 96
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houts thara was ne further significant incrsase.

The suthora infersad that losses of ensyme activities started with sceto-
CoA-kinsas (forming scetyl-CnA from acetate and CoA in the presence of ATP)y
and thenca ATPass (pyrophoaphatsas) snd citrogenass would also decrease (as
taported by othars cited), sinca citrate appaarsd ta be an important intermadiate
in the relevant pathway.

Ta 1961 Bhussry and Kiguel (0539) Inferred from histological and radiographic

avidence Ln nswborn pata fed the Stasmbock rachitogenic diag, that the effects
of D on bons were sxprasasd in the matrix-producing cslls, and probably reflected
altarations of citrate accumulation.

In 1963 Guroff qt sl. (231B) disputed the likelihood that citrate wns

concaxnad in the effacts of D on bone. They found:

(1) that D-induced rises of sarud citrate were diminishad by deflclencles
of pantothenata and pyridoxine in rata without saffacting the D-induced
increanas of sarum Ca or P, or bons ash.

{(2) Pyridoxin deficisncy dininished the resporwe of bome citrate ta D,

{3) Wich low-Cs dist, cortisone prevented the serum and bone citrate
responsas to I, without affecting the serum Ca responses.

E. Effects on Amino Acids

In 1961 Engstron st al. {1667} determined the levels of variocua amino acids

as wall ay free a-gmine N in the urine of rata fad diets with and without Dy
Unlike human infanes with rickets, no sminoaciduria was found in the D-deficient
rata at any acage of deficiency.

In 1965 Rareill and Gifford (2419) fed coutrolled smounta of P, for six

wveeln to waanling sale rats and found that nz increasad the plasma levals of

free lysiuns but not of mechionine or valine. Bz alao increased liveyr choleaterol
snd total lipids when protein was low (casein %3); but these livide decroased,
and the effect of Dz vanished, whan casein 16X was fed.

The authors concluded that the amina acidtD, ratdo might influencs lipid

wmatabolisn.

¥. Effscts on Phosphommossterases

In 1955 Fraaer st al. (1895} briafly announced findings of a ninhydvin-

positive substance in the urina and plasza of a patient with "hypophosphatasta”,
or rickats with low perum APase. Tha abaormal substance was also found in tha
urine of tha patient's healthy fathar, supporting the theory that hypophosphatasia
wvas hareditary.
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1n 1957 Pressr {1899} reviswsd hypophoaphatesia and described 315 wore
casas. In soma, cortfsons therapy had bese succesaful, but in athers not.

The author concluded that the low sevum APase setivity raflected low
snsyma concentration, owing posaibly to increassd desradation but wove likely
to decreassd synthasis. He wuggestad that the reot cause of tha disorder
lay in the bome, in wome inhibitor of mineralizstion, that hyparasneitivity to
D might be a factor, and that the merum wae wnlikely to contain the cause of
tha disordar.

In 1966 Scriver and Camercm (5202) reported a cendition that they called
pagudohypophosphstasia” bacsuse all the fsaturas of hypophoaphatasia ware
prasant axcept low serum APass, Alsc, the APasse was alectrophoretically
sindlar to APase from normal subjecte, They etated that the primary abnormslity
"igx yet to bm found."

In 1967 Kiguel (3128) found less APmsae activity in developing molars of
D-daficient Tate than in contrals or D-supplemented ratw. Even lsas APase
activity was found in D-deficlent rats fed diets with slovated CaiP raties.
Parallel differsncas of mucopolysaccharide sand mineral content suggested to
the muthor that APasa might influsnce mucopolysaccharide syntheais. He
commanted that the spparent influence of D on APase actlvity waa not explained;
al@o, that while humans became rickety from D-deficiency alona, diatortion of
the Ca:P ratic was also required for vata to show rickets. In rata, sccording
to the author, decrease of APase sctivity precsded c¢linical rickets.

In 1969 Marcin and Daluca (3736) studied the need for alkaline phosphatase
(APase) during normal oateogenesis in chicke. Although the involvement of ATase
in cell divimion was a mattar of general knowledga, induction or incresss of
activity had hean reported under some conditions of bone tissus culture and oot
othace.

They found that activity was atimulated by a factor which they could part-
dascribe as a nonprotein malacule that wam negatively charged, heat-atable, base-
stable, acidelabile, slowly dialysable, charcoal-adsorhable, and not hydrolyzed
by bacterial phosphomonoesterasa or low-spscificity proteinsse. They suggasted
that this molecule was an APama inducer.

During thase studies they eliminated, ss potential inducere, l-cysteina,
proline, Ol-proline, haxossamine, smincacids nonesssntial to thelr culturses,
inoyganic pyrophosphate, amd saacorbic acid,
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In 1965 Scriver and Camerom {5302) describad a aingls human thrse-month
famgle infant with classic hypophatasia except that total alkalina phosphatase
astivity in her plassa waa coosistently normal, However, the APage acrivity
with low concentrations of F-sthanolamine was subnprmal, and P-sthanolamins
levala in the patient were elavatad,

The suthors sursdsed s rare allals, and propossd te nama the conditiom
"pssudohypophosphatasia,” '

In 1970 Hausalar et al. (2510) investigated the aits and mechanisc of
intestinal APase induction by Dy,

1. They preduced increases of Ca absorption and actinomycin-sensitive
APase activity by giving 50 TU to rachicie ehicks.

2. Then they found that the APame setivity in isolatsd microvilli was
not abolished by Triten X-100, showing that ths increass was a property of the
anzyma iteelf.

3. In the wame preparation they alss found incresees of Hg**— and catt-
activated ATPase hut not of invertase, showing that ths increases were not dus
to prolifaration of micrevilli.

4. Butanol sxtractions relassed and sugmanted all threa ensyma activitieq,
fnd other reactions indicated that all three wers properties of a single ensyme
protein.

The authors concluded that the microvilli were sites of Dy action, and that
the changes of phosphatage activity ware rnlated to Ca absorption.

G. Effscts on Clinical Myparcalcemis

In 1950 Fallars sad Schwarts (1773) studied thres infants with idispathic
hyparcalcemia and four normel infante, Tha thres were reportedly not the common
and mild Lightwood type casew but the mevere typa in which Fancond had listed
growth retardation with eventual dwarfiam, mental deficiency, ostecsclarosis,
and kidney malfunction with aminoacidemia (zzotemia) and high Ca lavels in blood
and urina,

The four normal infants had serum D activities of 100-200 IU/100 nl. The
threa hypercalcamics had serum D sctivitias of 1700-1600 IU/100 ml comparable to
another infant with D-resistant rickets receiving oral D 62,500 IU/day. However,
the thres had raceived omly 1500 IU/day befors diagnoais, and thia did pot accoumt
for their serum D levels 14 monthe after withdrawal of the supplemant. The daca
(wes paper itself) showed altered Ca snd P natzbolien.
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The suthors commentsd that Jesans and Stearme (2933) had peported growth
ratardation with doses of wore than 1800 IN/day. Thay querisd whether their
findinge could be acceunted for by kidney tubular malfimction. They suggaated
the prassace of another stercl, wot nﬂ' with D activicy; thaivr lipoprotein
values would be consistent with defectiva tysnspart pf such a steral, and the
hypocalcemia in their thres cases wes severs snough to be ralated to some
defect in the metaboliam of such a sterel.

In 1964 Garcia et al. (2025) drew attention to tha “elfin facles" of
idiopathic hypercalcemis, that it wae similar to that sean in aupravalvular
aortic stencsis. They repurted ons case ¢f a nine-wmonth old boy with both
disorders, claiming thia as the "ffret proved amsociation" of the two.

They suggested that fdisopathic hyparcalcemia was part of tha mental
abuormality ayndrome with supravalvular aortic atenosic and elfin facles,
mphasizing the similerity of the cardiovascylar lesions in idiopathie
hypercalcemiz and in experimental D intoxication.

In 19466 Tausaig (5703) reviewed idiopathic hypercalcemia of infants and
drew attention to sspects that had besn msmtioned but not smphaaized by
pradecessors including Bongiovannd ot al. (DASE)

He atated that the hyperasnsitivity was aquivalent to an abnormally
eafficient response to D, could bs classed as "an inborn arror of metaholism,
and could arise from mstabolism of the vitamin itself,

Such infanta, in the author's view, were injured by 3000 IU/day but not
by 400 IU/day, the asfety margin being only 8-fold,

In 1967 Fraser st al. (1B%7) arudied 39 infante with "simple" D-deftciency,
and described rthres progresaive acages:

Stage 1: hypocalcenis and convuleions.

Stage II: rickets; blood Ca normal but low P; high urtnary P and amino

acide. ‘

Stage III: Stage II plus return of Stage I.

PTH sggravated the progress of Stages I-TIX, On the other hand, infusions
of D and Ca raised the blood Ca and removad ths urinary excessss of P and amioo
acids.

The authors concluded:

1. The urine data reflectsd PTH effecta on kidney tubular rssbeorptiom.

2. Excess PTH resulted from low ssrum Ca.
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'3, Low serum Ca vesulted from D-deficiency, because intsatinal rranaport
of Ca was not stimulated,

4, Neverthsleas, D~deficiency 4did not prevent releass of PTH or its
action on the kidoeys.

In 1969 Avioll st al, {0263 studied the movamante of labelad B, in
aight youmg adulte with chronic renal failure and maccndsry bona deminaralisstiom.

Absorption was normal, but plasme 25-0H-I, wvaa largely replaced by
ingetive metaholites, and the urine contained largs smounts of hoth D3 and
25—&5—33. Long-term intermittent dialyses had no affect, but the patients
vho had kidnay hosotransplants bscame normal.

Similar results were ¢btsined in experiments on rats.

The authors "tentativaly"” gcoacluded that tha underlying defect was either
in comveraion of 33 to ES—GH—D3 with aceeleratad degradation or both, or at the
site of CaBP synthemis.

In 1970 Arnaud st al. {0229) repartsd three casen of "vitamin D depandancy"
in u large, inbrad, Prench-Canadian family. They inferred an sutosowal veceswive
transmission bhut adwictad that the phenotypes of tha presumsd haterozygotes
falled to support thia.

Each patient had ricketa with low blood P, Ca, C1, and high hlcod amino
acld lavels. Each responded only to weary high D doeas, rsspactively 25,000 IU
Dy 45,000 1Y DE' and 45,000 1Y 93. S8erum PIE wam high ar scart but bacame
norme] during creatwent or after & Ca infusion.

In 1970 Scriver (5200) liated additiomal manifeatations of "vitamiu D
depandency' as musculary weskness, convulsiona, and kidney rubular acidaostis.

He sxplained that "dependency' meant that patienta would probably nesd high
intakes of B for thair lifetimas.

He inferred that such patiente conld make CaBP, and speculated that tha
genatic srror waa sither in the nuclear membrans binding aite for 25-0H-D, or
in the oechanism for elaboxation of 25-0H-D.

In 1270 Hamiltoo et al. (2315%) demonstrated impaired Ca abacrptian in the
intsstine of a child who hed normal seTum I activity and D-depandant rickets.
Phoaphate balance was near-normal. After healing the rickets with massive D
tharapy, Ca abecrption became normal. In five other casss nicroscopy of the
micosal cells reaveslad no morphological nhnuémtlity. and the authors infazred
a defect aithar in metabolism of the vitsmin or in alaboration of the protein
cArrier for Ca.
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Tn 1970 Rassusesn and Techat (4739) veviewsd the history of the diascovery
snd slucidation of caleiftonin. Their viswpoint was that since T} sasisted Ca
shporption from tha gut, and aince PTH sesisted Ca wobilisatiom from bome and
rasbsorption at ths kidney tubulsa, the sevum would bocems superssturated)
therefore a further horwons was postulated to protect againat parsistent
hypercalcenia.

This review {8 just cutside the scope of the monograph but has bean added
for two reasoma. Detailad knowladge of cllnltnﬁin is recent and may not be
familiar to some readers, yst it ls tsken for granted in many papera that are
proparly iacluded here. Alsa, epecifically, the raview explains the relevance
of the hydroxyproline clearsnce cests (sea 4235, 4236), The reviaw is not
furthar susmarized in the monograph but may be read in full 4in the original,

In 1973 Fraser at al. (1898) studied five infants with D-depandent rickets,
describad as a racamsively Inherired form of D-vefractory rickeiés. Despite
normal D intakes, these patients 211 had early onset of low serum Ca and P,
axcessive serum APase, excessive urinary amino acida, and very severs rachitic
bone lesiona.

The bone lesions responded only to massive dosss of 1, {1,.25-2,5 wg/day,
or 50,000-100,000 U}, or Dy (1.25 mg/day, 50,000 I}, oy 25-OR-D, (0.4-0.9
wg/day, 16,000-35,000 IU). However, the lestons respomded to 1 ug (40 I0) of
1-::,.25«*.:i:!l'el}‘.itwl}3 per day, which the suthors believed tn be a physiological
amount.

Prom thase resulte thay concludad:

1. Tha target calls for D activity were vesponsiva.

2. Conwversion of n] to zs—na-nl was normal,

3. Coonveraion of 25-0H-D, ta le¢,25%-(0H), =D, was inhibited o that mmssive
amcrmta of precursor were rqugrad for alaborit of uinute samounts of endproduct.

4, Therefore, the genatic defact was in the induction or strueeure of the
angysma 15-0H—cholecalciferol-l-hydroxylase, and the condition wes truly sm -
inborn arror of metabolism of D, .

3
H, Effects on the Cardiovascular Systsm
In 1965 Zemplenyl and Mrhova (6354) fad rats so as to induce multiple
thtomboses and uyocardfal inferctions. In encyme scudies of the sarly phase of

induction they found decrsases of TCA cycle snxymes, and also

dacreasas of acid sand alkaline phosphateses and 5'-nuclectidasa.
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They than repeated this expariment, adding 30,000 IU of D! in oil dally
for 5 or 9 days (£35). They fonmd sdditionsl connective tissue damage,
followsd by incresses of both phosphxtases snd 5'-puclectidase. Thase
incraases were esvident on the 9th day of the axperiment but not on the 4ch day.

The authore infarred that thase snzyma activity increasas were related
wpacifically to the connective tisaus damaga, though the nature of the
relationship was uncertain. .

In 1970 Rarramd and Hertles {2414) reported on differemt levels of Ca
and P in the diat with and without Ty when tha Ca:P ratio was 1:1. In addition
thay swmarized ssrlier etudies (cited) in which the Ca:? ratic had been 1:10
and 10:1. Thelr studies warse on the formation of bomes and teech in rats,
and the original papers should be comsulted for deraila,

Their main conclusions were:

1. Yack of minerals at all three ratios affected bone more than teath,

2. Laast effect an tmeth was st Ca:P 10:1, Lanat effect on hone was at
Ca:P 1:10.

3. Tooth mass was diminfshed mors by lack of Ca than of P; the converse
was obaarved for bone masa.

4. When Cp wae normal (0,327 in diat) a 1:1D Ca:P deposited laes mineral
in bones and teeth than when Ca was 0.13%, D, protectsd bome and partly
protacted teeth wso thet sxcess P wus worss !.‘sr teath than for bene.
Excegs Cz at a 10:] Ca'P retio had ne auvch afFeck,

5. The D, effect was highly significant when the Ca:P ratic was 1:10,
less &lgnificant when it was 1:1, and not signiffcant when it wae 10:1.

6. Neverthalass at tha 10 1 vratic D, markedly improved the quality of
both honsa and teeth, and the aufhars suggested that Na improved the
organisation of calcifying ossecus tiasus in pome manner that was
independent of its quantitative effects on nineral depesition.

I. Effects on Metals

1. Magnesium

In 1955 Msinteer and Stesnbock (B877) reported expsriments on 90 g rate
showing that Mg carbonate, phosphatse, or phytate were squally absorbad when fad
a8 0,12% of a mamiaynthetic diet low in P and Ca. The range of abhsorption in
the absstuce of D was slightly but constantly higher vhen D was fed than when
it was absent. Thare wes no effact on the absorptiom of P,

In 1561 Hanna (2382) gave two groups of female hooded rats {150-170 &)
2 diet with 288 uBq Mg snd 2400 uEq Cs daily. One group received i.m. 40 800
U l:-2 daily for 3 days. Urinary Mg increased, fecal Mg decreawed correspondingly,
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and plasca Mg also decressad. The suthor concluded {from discuswion) that
Ca and Mg abworptiom were citrate—dapendent.

In 1965 Richardeon and Walt (4818) fed two groups of rats a Mg-deficient
diet, and gave one group injections of D!. This lowered serum Mg levels
without affecting carcass, muscle, urinary or fecal Mg. The authore infarred
that D, either dininfishad binding of Mg by serum proteine or rediecributed Mg
within the body, parhaps promoting its depositiom in bone.

In 1966 Leescn and Fourman {3449) rﬁpnrtnd' twa cages in which sevare
paracthyrold deficiency with tetany was treated wich nmapsive doser of l:l2 and
Dy both patients were "accidentslly (sic) polacned,"” and aftersmrds hoth
reapondad to one-tenth the dossa of D that praviously had failed to elicit
TESpONEES .

in one case the hyparcalcamis lsd to sacute pancreatitia, in the other to
ranal fallure: in both, the polieoning was attribuctad to accumulation of D in
the body.

In oue case tha hypercalcenis waa asaociated with low serum Mg and epilepwy)
in the other, parathyroid axtract lowered tha urinary excretion of Mg, Both
of thesa affacts wvare considarad sscondary te tha overdoses of D,

In 1967 Lifehite at al, {352]) etudiad the affacts of aingle oral doses
of 5000 IU D, on the serum, bone, and urinary Mg of D-daficient rats fed
aither Mg-deficient nor control diets. The doses diminished the sexrum and bone
Mg and increasesd the urinary Mg of hath groupa, but more aa the Mg-deficient
group. The authora stated that this sffect was opposite to that of parathyroid
hormons sand concluded that either ir was secondary to the effect of D em the
parathyroid or {t wes a separate sffect of D on tha kidnsy tubules,

In a further report in tha ssme year the ssee suthora {31520) memsured Ca
transport, and earum Ca and cicrate, in vat gut in vitro, from Mg-deficiemt
and control rats that were alse D-deficient or U-fed. They found thet Mg-deficisnt
Tats vare lass responeive to phyeiclogic dosss of vitawin D than were cuhttcll
rats.

In 1972 Sealig (5219} concloded that large intakes of D could csuss axceasive
urinary losses of Mg and therehy deprsss the sctivicias of Mg-dependent snzymes
in kidneys, cerdiovesculsar and other systems.

2, Zimc

In 1966 Backar and Boskstra (0429) foumd that oral-Zn®> retention by vats
was increassed by vitamin D, when dists were Zn-eupplsmented but zot when dietas
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ware Zn-daficient., Since injectad hﬁi vas uninflusnced, tha suthors inferved

that D, had fnproved in absorption. Then they found that the 7, effact was
most pronoumesd in D-deplsted rats; it pccurred in bome but not in soft tissue,
and again only with oxal En“' They concluded that this affect was sacondary

to the a«ffact of D on skelatal caleification,

In 1967 Leavar {3419) found in weanling rata thet uptake and releass of
ginc by hones, notmally rapid, weve retarded by Ca deplstiom and restorsd hy
vitamin D {type not stated). |

3. Copper

Tn 1964 Gude ot al, (2283) found, in 15-20 day experimenta on young rate,
that large dasas pof vitmmin D resulted in shifts of Cu distribution through the
organa: +2507 in boma, HIOT in eplesn, +30X in heart and brain, and raduced
content in liver snd gut. They concluded that auwch a rediservibution wan
"unfavorable ' and, compared with sffects of vitams A and By specific to
each vitanin.

&, Manganese

In 1347 Couch af al, (1168) compared the distary requirements of pullsce
and hene, for egg-laying, in terms of Mn and vitssin D (form not stated), They
found that pullets required only &1 ppm Mn, whila hens raquired 7] ppm. Pulleta
required 38-76 AOAC chick wmite of vitamin D, hens requirad 76 or more unira,
When excess Mn waa fad, ftes lavels in the dier and in drisd egg yolk were related,
and D level variationa did npt sffect eggshell gquality, but deffeclancy laveln
of D in the diet affected the ucilization of Mn,

J. Effects om Viramine

In 1954 Raiha and Porasnder ®631) measured blood cocarhoxylase activity in
children ss an indicater of capacity ta phosphorylate thiamine to its active
form in the body.

They found that injections of vitamin D increased this capacity in children,
and that oral or parapnterz]l vitamin T was aimilarly effective in vars.

In 1959 Noas (4319) reperted that in rate, induced rickets was sccoepanied
by dacreased thisming lesvels in l{ver and bloed. Injections, {i.m., of thismine
and D rastored thiamine levels, but thismine alone did not. Tiw author commentad
that D probably caused the thiamine retentiom.

E. Estrogen-ltke Acticus of [

In 1934 Dodds (1322) reported the production of eatrus in spayed vats by
a variaty of subetavces with condensed carbon ring wystems, and especially by
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substances with the phansnthrens nucleus, including seveyal carcinogenic
hydrocarbons, Hs then found that 20% of the rate injectad with 100 wg of
srgoaterol or calciferol alsoc davelopad emstrus, but cholestarol was ineffeative,
Hs acknowladged that thase doses wers fay sbove tha mmtivachitic dosss, snd
suggestad that the sstrogenic potencias of such ocompounds incresaed with
their degrsas of unsaturatiom.

In 1961, Oniwa (R382) carried our experiments to study the relatiomship
of D to saxual function. The following experimanta were carried out:

1. Caatration and vitemin D deficlency:

a. A D-geficient diet waw given to young castrated vhita rets for
90 days and the saws diet plus a daily injection of 50 IV of D
vas givwem to comtrolw,

b. The same dist was given tg maturs csetrated white vats for 90
days with the coatrols receiving the diat plus 50 IU D daily.

It was obaerved that hoth young and satryrs D-deficient animsls showed
proavunced uterine atvophy, Bome of the youmg, camtrated contrales had an
slargsd uterus and complate cornification of the vaginal weear.

2. large and swall I} dosss to nom—castrated young rats:

a. Tour groups of white rats (40 daye old) wera reepsctively injected
with 1,000, 2,000, 10,000 TU, and seasme oil only, at one-day
intsrvale

b. Two groups of youmg white rats (45 g) ware reapectively injected
with 200 TU D and messme oil alone for 25 days.

The rasultes of administering large D domes were:

a. At the 1,000 YU and 2,000 I domes, thare was no differsnce in
the kime of vaginal dilatation as compared to the eomtrols.

b. HNo saxual eyele oeccurred in the rata racelwing 10,000 IT of D.
Both the owvary and the uterus ware atrophiad.

Vitamin D at the lowest laval, 200 TU, stimulated uterine growth and
slightly snlarged the uterine cavity.

3. Small and large vitamin D dosea ta castrared young rvats: _

Three groups of young castrataed rats (43 g) were respactively adwiniatared
200 and 1,000 T0 D and purifi{ed sesame ofl to comtrols.

The 200 IU group showed marked utarine hypertrophy whereas the 1,000 IO
group showed pronounmced utarine atrophy. Thin latter group indicatad an sarly
shift to prolomged diestrus with incomplete cornification saen in the vaginal
smear. At the Jower doss (200 YIU) no difference in vaginal dilatation time
was noted batween noncastrated and castrated groupsa.
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The author comeludad:

1. In castrated white rats D def{clsncy caussd pronounced uterine atrophy.
Vitenin D asdwinistration prevantsd this and {n non-cantrated rats
sularged the utsrus.

2. A mtdetsts Tt doss stimulated ovarian follicle groweth and uterina
growth, An sxcassive dosage nlemg with prolonging tha duracion of
traatment, producad & nagative effect inhihiting saxual function,

3. A large D doss stimulated the sexual sctivity of young animals, but
prolonged trsatment sven following vaginasl dilatetion fnhibited ssxual
fusction before it affected their gsmeral condition.

4. Young rats wers oors sffectesd by D than mmture ratas.

In & 1968 review Norman (4$307) pointed out that a phyelological doss of
D was only 5-10 Iii, but he was raferring to racte, He degcrihed the action of
D za "hormone like", and emphasigad ites effscts on transeription of RNA from
the genous.

In 1971 Jensan and DeSombre (2939} reported a mechanism for interactions
batwesn estrogens and uterine cells. They found that an astrogem hecams cowplaxed
with a receptor protein, and that both then migrated to the cell nuclaus, depending
tn temperature. The recaptor's sedimmntation rate was increased from 3.85 to
5.28, mnd it becams shle to bind to & cell nucleus and to augment RNA syntheais.
Theae properties of the receptar wers acquired only an 1ts association with the
SBtTogen.

Tn 1974 C'Halley snd Mesns {4339} presented further detailad avidence
confimming and amplifying the above (293%), Thay smphanized the varisty of
reapomses of target tissues to stercids, snd that all of them invalved
tramscription, after the steroid-protein complex had miagrated to the cell
vucleus. Then, according to the authars, the hormone-induced RNA (usually mRNA)
returned to the cytoplasm and trvanslation fallowed, ULastly came the "funetional
rasponse’’ typical of the ataroid and target tissye,

The authors concluded, from their data on eatrogena and from tha litergture,
that a primary effect of all steroid hormomas was “a specific regulatory effact
an auclsar RRA metabolimm." Although this papar did not mention the vitamina D,
ite conclusions were gemaralired to the clasa of hormones to which the hormonal
forma of the vitamins D have been showm to balomg,

In 1974 Kenny at al. (3102) reported that ovulation in laying hema enhanced

the production of 1.25—{GH}2-H3 from 25-ﬂH-ﬂa,
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V.  Drug Infstactiomy

A. Matsholic Imhibitora

In ¥tro

In 1962, Sallis and Holdsworth (3003) investigatad the sffect of D on
calcium sheorption In the chick, Whits Laghown cockersls newly hatched wers
fed & rachitogenic diet for four to fiwe wasks. Sows of them were then given
a diet supplamented with “3‘ Positive controls were sdwinlatered 100 IU of D
in arachia oil before tha tasts. To identify the sewrce of the eneargy used in
Ca traneport, subgroups wers given warious mmtaboliec inhibitors, am shown in
Table 77. The results are axpresaad as parcent of inhibition of the active
transport process, i.e., the difference batwesn D,-treated and vachitzic Ca
transport. The greacest sffact was obtained with a glycolyeis inhibiror,
2 x 1073M fodoacatate, wmmder snasyohic sondfitiona,

Tahle 77

Effect of Iohsthitors on Actiwe Transport of Ca (5003}
) Ra. of
Tohibitor ad Conc,, M Mrds % Imkibicion
uzfnuz in sas =pscs - 7 7
Scdiom cysnida, 5 x 10 4 8
Sodium cyanide, 1 x 1072 4 9.6
214 Dinditrophanol, 2 x lﬂ_* 8 52
Sodium fodoacetats, 2 x 1077 8 an
Sodium fluoride, 2 x 10~ 7 54
Sodium rwaaits, 2 x 3077 & 55
Marcurie chloride,*2 x 1077 4 g5
Owbatn, 6.8 x 107 B 0

dctive transport was Caken te ba the differsacs betwean Ca tramsported into’
saroaal flutd by everted distsl sase frem rashitic chicke =s cowparsad with
similax sacs from chicks tyested with 100 I8 18 br pravicwsly, Inhidition
ie axprassad as a parcent of this active tramsport. Tha inhibikors were
added to oucosal fluld and are recovrded ss finsl concentractiona.

¥ (Celle sloughad off.
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B. Witanin A

1. Hica

In 1933, Robertson st al, (4854) compared the growth rate and longevity of
white mice fud a sodavate owerdosage of D or of A md D cowhined, Thras groups
aach pf 35 snimals ware fad & wixed diat, Ovoup 3 wam given a daily supplement
of 50 rat-unita of D dissclwed in .05 ml oliwe o0il; Croup O received 50 rat-unita
of D plus 460 rat-units of A dismolvad fn 0.03 ol olive oll daily; Group M, which
scted as wormal rcontvole, recaived only 0,05 ml plive oll daily,

Table 78 shows that 1ife sxpectancy was graatedt in the control group, lesa
in the D-supplesmented group, snd least in the group glven lifetime overdoses of
both A and D. The authors concludsd that the cosbination of vitamin overdoses
had diminished 1{fe sxpactancy significantly,

2., BRats

In 1961, Clark sand Bamwstt (1056} peported their {nwatigations of tha
combinad effects of A and D on rete., Mala albing wats (Holtsman strain) were
glven A palmitate md calcifaral iy saamme ofl daily by stomach tubs. The
axgarismsntal plan was:

for fiva wesks:! PFive groups of eight rats each (120 to 1%0 g)
as follows: Croup I, comtrols| Group II, &0,000 unite D; Group III,
30,000 units A; Growp IV, 60,000 wnite D plus 15,000 umica A; Group ¥,
60,000 enits D plus 30,000 unire A,

ﬁ:ﬂm: 2 for 1% daya: Pour groups of 1% rats esch {1N0 co 150 g) as
ollews: Group I, controla; Group II, 60,000 units D; Group III, II,
wmits A; Group I‘F. 60,000 unita D plua 30,000 wnita A.

%mri-.nt 3 for 60 days: Mve groups of eix rats each (85 ta 100 g) as
ollows: Group I, controle; Growp II, 18,000 wnits D; Group III, 18,000

tnite T plus 300 unics A; Group IV, 18,000 units D plus 3,000 units A}

Group ¥, 18,000 units D plua 30,000 unita A,

In the first twvo axparimvants (Tables 79 and BN) tha control groups had the
bast growth and survival records, but whan A was added ro D:

a, Survival time was increased,

b, Welght loas was unaffected.

. Lass skaletal demage was chesrvad,

d. VWhen 3,000 units of A ware given with D, litcls ox no kidney
caleificatfom was sssn.

6. There wvas no significant myocardial damege,
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Table 78

Mortality Btactistics (4854)
(hecidmntal deaths excluded)

Parcantage of Surviwors

e

At Age Group M Group N Group 0
in Days Control Vitawmin D Vitamine A + 1
206 100 100 100
250 100 100 97.2
00 100 100 97.2
330 100 160 §7.2
400 100 97.1 9.7
430 100 97.1 B83.3
500 160 94.3 B .6
550 100 8%.7 RO .A
00 94.3 B5.7 75.0
630 82.% 81.9 £9.4
700 71.4 74.3 £3.9
750 62.9 52.9 58.3
800 &0.0 §2.9 58.3
830 8.6 7.1 52.8
500 34.13 i 41.7
930 20.0 8.6 22.2
1,000 11.4 14.3 16,7
1,08} 5.7 11.4 8.3
1,100 5.7 5,7 6.0
11““ 2.9 ﬂ.ﬂ
1,200 0.0

Maan Duretion of Lifs

Group M 825 + 17 days
Group N 806 + 22 dxys
Group @ 771 + 16 days
M ffarence batwssn N mnd O 54 + 31 daye

Mesn Duration of Life of Mice Sti1ll Alive at 750 Days

Croup M 924 + 14 daye

Group N 920 + 17 days

Group 0 94 + 11 days
Hiference batwesn M and 0 20 + 10 days

Mean Duration of Lifa of Mice Dying Befaors 750 Duys

Group M 658 + 9 days

Group N 6]2 + 21 days

Group O 529 + 24 days
Differsnce batween M and N &6 + 27 daya
Nand O B3 + 32 days
M and 0 129 + 2% days
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Table 79

Effect of 60,000 Units of Vitamic D with and without Vitamin A on Body Weight and
Rat Mortaliry (1056)

Weske on traatment
Treatment Hh atﬂg. E
0 1 2 3 4 5
B ™ B gm B B
Control B 137 (©)% | 177 (©) | 217 (O} 254 (D) 275 (0) 303+ (0) 0
0,000 D 8 138 (D) 107 () 9E (D) 90 {0) o0+ 7
N 30,000 & 8 137 (0) 166 (0) | 194 (D) 219 (0) 252 (1) 286+ (0) 1
60,000 D + B 138 (D) 118 (0) | 100 (0} 90 {0) 90+ (4) 7
15,000 A
60,000 D + B 138 (D) 121 0) { W01¢) | 9@ 83 (1) 81% (3) 4
30,000 A '

* The numbers in paremtheses refer to the nmmber of rats which died between welghing periods;

the other nusbers refer to the average body weight.
+ Barrificed for histology.



Table &0

Effact of 60,000 Juits of Vitemip D with apd without 38,000 Unite of Vitsmin A on
Body Welght and Bat Mortality (1056)

T
Days oo treatment
Ko. of
hm ' Ms
' 0 A 7 11 15
gm g gm g g
Controls. 15 133 142 158 179 191
60,000 D 15 129 111 109 (3)* 98 (2)* 96 (3%
30,000 A 15 131 139 152 162 171
E 60,000 D + 30,000 A 15 133 110 110 101 101

* The numbers in parentheses refer to the number of rats which died between weighing periods;
the other mmmbers refer to the average body weight.



The growth curves for experiment 3 are shown in Figure 13, The addiciom
of 0,000 wits of A prewnted siguificgnt waight loss, pathologic changea in
skulls sod tibise md savers kidney calcification, Ths ssmllest supplemsmtation,
300 wnits of A, had litcle or no pesitive effect whila 3,000 unite of A had an
intermediate affect. Tha authors eampluded thet adminiscracion of relatively
large smoumts of & to ratw with hypsrvitmmincsis P dacreasad the toxicity of D,
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Plgure 1). Growth curves of pats wvhich survived the

3. Chicks

In 1968, Taylor st al. (5738) inwestigsted the possibiliry of an mntagonisa
caused by excessse of A mnd D in chicksa. Croups of twalva mla chicks (Thornber
'404' strain) were fod swpariwental diats containing various lewala of the two
vitamine ., Seight changea sd plesms lsvels of Ca and ?1 are shown in Tablas 81,
82, snd 83 for tha first axperiment,

A macond exparimant in which these vitaxine were given at 1P0D times the
basal levels showsd that:
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Tahle 81

Bxpt. I: mesn live weighte (g) of chicke at 3 weeka of age

glven four lavels of vitamip A apd four lavely of vitawmin D (5718)

{Maans for ten chicks/treatment)

Leavel of Wt with lavel of vitamip D (X basal lavel) of:

vitamin A r ~ Mean
(X basal lewvel) 1 10 100 100G wt.
1 438 459 445 264 402

16 482 474 425 289 418
100 449 4913 &56 ‘348 442

1000 309 234 276 278 275
Mean 419 416 401 300 ——

SE of the differance betwssn veans in tha body of the table = 24°2,
9% of the difference batween vitamin A gnd vitamin D means = 1271,

Tabla &2
Expc. I: maan valums for concantration (mg/l100) of plasss calcium for
Chicks, &, 3, snd 6 wegks of age given four lsvels of vitssin A and feur of vitamip D
(Means for aix chicke/treatwent) (5718}
Leval of Concentration with lewal of Lﬂtllin D (X basal lavel) af:
vitawmin A r o - N\ Mean
(X basanl leval} 1 10 100 100q Concentration
1 11°0 10°5 11°3 13°1 11°5 .
18 10°a8 1378 0°g9 1371 1174
100 1076 112 10°8 12'9 11'4
1600 : 94 10'0 1073 ) 1077 1072
Maan 105 107 1078 12°5 —

SE of the difference between means in the body of the table = 0°57.
SE of the difference betwesn vitamin A and vitamin D means ~ 0'29,
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s. Weight gain was deprsssed whanevar sither or hoth vitamine were fed
at 1,000 times tha basal lswl.

b. Incressing smounts of A slministersd with the highest level of D
caused & progresnive incresss in plasma l'i-

c. An excess of D, sddad to a basal mmoawmt of A, deprassed the activity
of plasms acid phosphatase (#¢0,001), and rhia was counteracted
prograssively by increasing the mmownt of A (Table 84).

C. BStrontimm

In 1973 Owmdahl and Deluca (4378) veported that chicks fad a strontium
diet developsd rickets with deficiencles of Ca sbsorption snd CaBP aynthesis.
They matabolized doses of D, ke 24 ,25-(OF) 2 Py instead of to 1,25-(011}2-113.
snd they rwspoudad, {n terme of impyowed Cs absorption, ro doses of
1,25~ (0H) q~D; sod not to 25-0H-B,. The Tesponss in terma of bone minaralization
ramained to he studiad,

In 1974 Waapexman (6122) reported that thie affect of etroatium in chicke
was countavactad by & watar-solubla factor isolstad from the plant, Solanwm
malaooxylon, fomd iw Argentina, The factor, not yet identified, had an
activity gimilar to that of 1.25-{m}z-—n3 md had cauged sofr—-rissua
hyparcalcification {im eattle at pantwre, The auther concluded from his
experiments in chicks that strontfum inhibited l-hydroxylation of 25-0H-D, in
the kidney.

D. Lactomse

In 1965 Dupuia snd Fournier (1593) investigated s poasible antirachitic
ralationship betwsen D and lsctows. Laboratory-brad Wistar rats, 13 groupa of
aix, vare dissectad sftar thres wasks on verious diecs)

1. A diat with g Ca utilization factor.

2, The sme, supplesented with caleiferol in varying amounta.

3. As dist 1, but with lactoss in warving smounts replacing starch.

The rasulta are summsrissd ip Tshle 83, and the authors concluded that:

n. In the young rat, lactosn md D possessed sinilar antirachitic
propartiss.

b, At saall dosages, the mtirvachitic sffects of lactose and D were
additive.
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Tabla B3

; t I: valuas for copesatration (mg/100 ml) of plasma inopganic phoaphorus
for chicks &, 5, sud 6 woeks of age given four levale of vitsemin 4 and four of
vitsmia D (5718)

{Means for six chicks/treastment)

Level of Comcentration with level of vitamin D (X baaal level) aof: Mesn

vitamin A concentration
(X basgl laval} 1 16 100 1000

1 7'6 7°5 g0 1R 6*7

10 16 B*2 7'0 &6 71

100 g2 B4 a's 5% 7°6

1000 74 '8 28'aQ 8'1 7°8

Maan 77 A'0 a'z 5'%  —

S5E of the diffetence hetwesn seans in the body of the table = 0762,
BE of tha difference betwesn vitamin A and vitemin D means = 0'31.

Table 84

Mean activities (1.u.} of plassa ac hosphatane chicks & and 6 wesks
of age in Rapt T and 4 and 5 weeks of ags ip Rxpt 2 (5718)

(Maans for nine or ten chicka/treatwment)

—

Leval of Activity with level of vitsmin D (X basal levwi) of:
vitamin A
(X bassl level) 1 10 100 1000
1 28°% - — 16 "Ghne
10 — — - 21°of
100 - — — 2778k
1000+ 47" Gk 50" 4hinn 47 1wk &4 " Gk

ket Significeutly diffarent (F < 0°001l) from control {1 4, 1 D) means.
Mo aignificant differsnces within thess four treatmenta.
Significantly different (P < 0001} from 1000 A means.
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Tahle B3

Tasults of Exparimental Diats fod to Rate (1595}

DMats + Lota Calcium ristica of Tibias [mpgree
r in bloed Oasification of
Charactaristics ¢ | in mg/l Consiatency ‘ Cartilage Zane Rickets
No fmctor 1 &0 soft wary thick ATeNES aTe TATe §
and very and twisted
irragular
l-llﬂll.ﬂ ssve B &8 ﬁlickl Areas wWary
Vit. D 1/}6 ... 2 1) futirly farming ome  irregularly 4
Lactose 4% .... 7 70 soft or two placad
large pacs
Vit. D 1/16 + very largs poorly orga-
Lactoms 2X ..., 10 b firwmr . + irregular nized across 3
in spots from cartilage
irrsgularitien
Vitemin D 1/16 + gensrally well
lactoss 4 .., 1] a9 often a diseributed from
Vic.p1/8 .... 3 a7 fairly Httle oo axcept where 2tol
Lactoss 82 .... B as haxd blg at the cartilage ia
Vic. D 1/8 + adge enlarged
lactose 2Y ... 12 85
Vit. D 1/8 + ssaentially fine and
llf‘-tﬁl-l ‘: P 13 BB Mml PitﬂlEI FONER !m
Vic. D 1S4 .,.. & 9% hard thickoesas + 1toe O
vic. D 1/2 .... 5§ 101 wry snds ars well ordered 0
hard adged +
naCTeous
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B, Stavoids

1. Cholasterol

In 1933 Harrison (244D) foumd that D amd cholastercl, fad to rabbits, each
produced its own lesions in the sortss. Twenty-four one-year-old rabbits were
giver D zlone, or cholestayel aloma, or D then choleatercl, or cholesturol then
D, a8 in Table 86.

Lasions were produced in all snimsle. When cholesterol was given firat,

D preduced additional lsafons. Woen D was glwen fipet, choleatarol produced
additiomal lesions. In both cases the additionsl lesions were seen in parts of
the aorta untouched by the first treatment,

In 1957 Donath and da Langen (1533} fed vabbits a stock diat and gave them
aithar 25 mg cholesterol in 2 ml oil daily for 250 days, or this plus 5 drops
of D, (Vigantol) snd shout 1 mg Lyradisted ergoatarcl for tha firet 10 ta 25
days.

According to the suthors, the resulra confirmed a previous finding thac
D! and chalesterol wers synargistic for artariocsclarcaia, eapecially in oldar
rabbite.

2. Cortisons

In 1957 Cruickshank mnd Kodfcek {1239) swtudiad the affact of cartiscons
acetate (CA) on rate with hyperviteminosis P, Thyes groups of sight raca {70 g)
ware fad s rachltopenic disc for five weeks, snd, par rat:

Group 1: 1 mg n2 in stachis oil daily by mouth.

Grovp 2: Ssma plus 1 wg Chk datly,

Group 3: 1 mg CA daily i.m., and approximstely 1.25 ug D, waekly {contrel
group).

The rasulis are susmarized in Table 87 and Pigure 14, Some of the
chaarvations wmre)
a. All of group 1 loat weight snd wers in poor condition, and two died,

b. The loss of weight md eondition was even worse in group 2, and six
died.

¢. All of group 3 thriwvad.

4. High dosss of nz increasad urinary axcration of P, vhether CA was given
oOr not.

«. EBomswhat more bona ash was found in the controla than in the ather
two groups.

f. The bouas of tha controls appesred radiclogically normal, vhereas the
groupa 1 and 2 rate showsd warying degress of circumseribed ostecporosis
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Table b

Experimental Protocol md Pasulte 4§Q)

.« Sex ie pes months  Treatment

Duratien of Intims]l Vedial
Imitial Puration of irradiated Intiral “edia] lesione lesione Fenal
weipht Age in cholesterol ercostercl Filled aortic aortic 4n orher in other caleifi-
treatsent treatment or died lesions lesions wessels vessels cation

First Experimemt

GEL

Control

Control

O L e BT

R Som

14

16
17
13

19
20
21
22
23
24

1800

F 12 Cholenterol %0 dawa 62 days ¥illed + + + - +
F 1590 14 1l pm per dav ) dxwa £2 daws Hilled + + + + +
M 1720 13 followed by % daws 14 dave Ted + + + aes +
13 11 irredinted 90 davs 15 deyz  Died + + + . +
¥ 1750 12 erpuateTn? 9 devys 33 davye  Med + + + + +
¥ 1950 12 100,000 wnits 90 dayw 16 davse Dded + + + . +
rer dav
M 1% 15 81 dawn .an T + wee + b .
F 2180 15 a2 Jdavs eas Dimd + van * ana .
M 1890 13 Cholagternl 90 dxwa . ¥illed + - + .- -
M 1730 1z 1 gm per day 90 dawn . ¥1i1led + . + . .
M 1600 12 90 dawm .va Tilled + .- + as .
M 187 13 290 dews wan F41led + S + . ‘e
F 1930 11 v 14 days DTied - + - + +
F 1530 12 Irradiated e 62 days ¥illad . + . + +
¥ 2190 17 sTROEtRTO]) can 15 days Dipd v . .na + +
F 1660 16 100,000 unite . 21 days Died . + - + +
M 1510 11 per dav - 21 dayn Ted . + .- + +
M 1630 i1 - I8 days THed - + “e + +
Second Fxperiment
¥ 100 10 Irradiated B3 davs 11 days EKilled + + + + +
M 1580 12 argonterol 83 days 11 days THed . + .- + +
F 2140 14 100,000 units 83 days 11 days Filled + + + + caa
F 1640 12 followed by B3 davs 11 days Eilled + + + . +
F  1%4D0 12 cholestarol B3 dayn 11 davr  ¥11led + + + + +
M 1%G0 13 l gm per day 83 davs 11 daws Tilled .. .- + . +
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Table 87

Effsct of Cortisone Acetate {CA} on Toxieiry of Vitamia D, in Rats (123%)

2
Avg. waight Bona
Ro, of gain or loss Orinury Fid ash Calecificatiom
Daily doss (mg) Tats Daathe (z)* {wg/vat/day) {X) in organs
1. Vitamio 0., 1 8 2 -6 3.0 §1 + +
IT, Vitawin Di, 1A, 1 8 6 =18 2.7 &) + 4
ITI. Ca, 1 8 0 +13 0.14 48 0

* Chmge in weight during sxperimectal period of 5 wesks.

% Determined at end of axperimert,

+i5-

140

+
[ L
T

Weight (g)

th
:

Weeks

Figure 14, Effect of cortisone acetate {CA) on average growth of hypervitaminotic [Dz) rats. [1239)

t= Daath of anfmal.

R LT eram



indicating » diaturbancs of minaralization. NHo groas calcification of
soft tissua VAR SRAN.

g. On microscopy, deposits of Ca salta, in tha endothelial layers of the
aorta snd in the kidweys, veTe found in groups 1 and 2 but mnot in the
contyols.

The authors concluded that n rate with hypervitmivosis D, cortisone ddd
not comteract tha welght loss, clinical sppearanca, histological lesions or
{poreassd urinary P excystion, This finding was ip contrast to man, in vhom
the henefictal effect of cortisons on the syndroms of D toxicity hed baen
denonstrated. _

In 1973 Omdshl and DalLuea (4376) commmtad in & raview that the action of
corticosterolds on D intoxicatien was not yet clesr. In man, thase staroida
dacrassed the hyparcalossis of infamcy, in sarcoidosis, or from ovardosage of
D. The absatrption of Ca was diminishad, but the sffects of thes metsboliswm of
D wers squivocal. In rats, the level of D-dependent CaBf was jncressad. The
discrapancy betwesn diminishad Ce sbanrption and increased C«BF "has not bean
rasolwed" (4376),

3, Estropgan

In 1961, Oniwa (4362} atudied the intevactions of D and satrogen in female
rats., TYour sxperiments were parformad se followmi

(1) Four groups of msturs castrased white rats were administered
respecti{valy 20 IU of ovarien hoTmons (OvA) twice daily for five days
alone; 1000 IU D ta sddition to the Ovi once detiy; 5000 IT similarly;
10,000 IV similsrly.

¥o significant differsnce wms noted in the duration of estrus smong the
four test groups. '

(2) Two groups of maturs castrated rats were sdminiatered vespectively
munmnd-u,mmm:aumdhyzummm.umhmﬂu
daya: sessme oil for I dayw fellowed similay OvH aduinistration as in
the first grounp,

Ko apprecishle difference in the duration of astrus betwesn tha two groups
vas nated, 1

(3} Two groups of noncastratsd young white vats (45 g) were administared
;;rptntiﬂlr daily for 20 days 100 IU of Ol anly; 100 IV of OvHl plua
0 IU of D,

The sacond group showsd suparlor uterine growth and mors corpors lutea in
tha ovaries.

(4) Three groups of castrated young white rats (48 g) wars sdministared
respactively daily for 25 days 100 IU of OvH; 10,000 10 of OvH plus
200 IU of D; 100 IU of OwH plues 200 IU of D,
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The uterus was anlarged in all groups but least in the group given Ovll
alons. Cornification ogturred slightly sarlisr in tha two groups given OvH
plus D,

The author commented that smsall amounts of D intensified the actiom of
astyogen, whersas largs amoumts were, {f sything, inhibitory undar these
conditions.

F. Parathyreid Hormons (PTH)

In 1964 Toverud (5827) investigsted the affect 0f N on tha Ca mobilixing
action of PTH in rats bred from hooded and albimc straina, A D-daficisnt dier
was fed, and soma rats wers parathyroidectomised. PTH containing 375 unite/ml
was givan s.c., End hj. 2000 IV, was given orally In arachis oil.

Prom the data in Tables 88, 89, 90, 91, 92, and 93 the author concluded
that:

1. In this strain of rats, the Ca-wohilising action of PTH was either
indapandsnt of I or depandant only on minute msoumte, which might he
prassnt in savarsly rmshitic rate,

2. Vhen intestisal Ca shserption was minimal, no avidence for intsraction
batweasn the affectas of D md PTH vas foumd at the doas level investigsted.

In 1973 Omdahl and Peluca (4376) commsnted that evidence on the degree of
interdependance of D md PTH was conflicting, and more work was naesded on the
relationships of thesa md calcitonin in renal function. D had been showm to
incresse cubular resbgnrption of Ca spd F, while PTH had been shown to induce a
P duresis. D had also hean shown to induce P diyresis, but only in large doses.
Workers dimagrmed on whather the P diurssais from PTH was T~dependsnt. The
suthors suggeated that axparisents with the new O metebolites snd analogs
ought to resolve thease conflicts in dum course,

G. Diphosphonates

in 1970 Flaisch ot gl. (182% reported that phoaphonates (oompounda with C-P
bonda), sspacially thosa wvith P-C-P bonds such as msthyl diphosphonate, sthme-
1-hydroxy-1:1-diphosphonate (EEDF) snd dichlorommthylens diphosphonsts, sctad
eimilerly to condansad phosphates {(with P-0-P bonds) in that:

{1) Thay could {mhihit crystallisation of CaP0, in vitro, and

{2) Whan given orally or parentarslly to rats thay {nhibited calcification
of morta snd kidneys {nduced by hypervitaminosis Da.
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Tabl

Effect of witawdn D andfor parathyrold extract on the senum calcium of para-
thyroldectomized, vitamin Ddeficisnt, adult female rats (5827}

Mear + atandard error of 7 rats In asch group. The Zd-mouth-old rsts had baan
fed for 18 wonthe the vitsmin Defree stock diet with weekly supplesents= of carrots
or spinach. The doses of vitamin D (D) and parathyrold extract (PTE) were 250 IU
and 270 unite, respectively. BRange of body weight: 185-256 g,

Serum calciom (mg/100 ml)

Pecya aftar Group 1 Group IL Gromp 111

Lavel ias Level REige . Lawal -a i
f &.8656 = 0,23 —_ .20 £ 0.2 —_ &.62 £ 0,18 _
10 e — D b D D
12 FTE PTE _— — FIE FTE
13 6.67 2.2 + D23 7.16 1,96 + 0,31 B.8BE 5,25 = D.2%
b 1} 5.52 - 6.33 _ 6. 41 -—_
20 PTE PTE PIE PTE -— —_
21 5.80 1.28 &+ 0.17 45.15 1.82 + .19 == —
25 5.15 — 6.52 _ — — —
1

Analyzed in single 0.5 ml samples of serum sccording to the method of Mupson et al., {1953)
wvithout the noted modificatioms.

Parathyroidactomy.
Individual rise above the previous lewel.
6 rats.



Takle B9

Plan of the experinent oo the effect of paratbroid extract (PTE) and/or vitsmin

D on rhe serum calciwm of vitemin D-deficient young rata {5827

On the day of the first blesding six—waek-old rats, having been Fed the "high-
protein” diet for 20 days, were given a solution of 10 per cent glucose and 0.9 per

cent MaCl in de~iomized water instead of soiild food and tap water,

Tims

bafore o I Grodp IT Grosp ITI Group IV
blesding Control FTE Yic. D ¥it. D + PTE

% days Firat blesding ¥First blesding First bleseding First blesdinpg
3 days — -_— Vit, D vit. bt

24 hrs 0.91 Macl? PTE 200 u. —_ FTE 200 u,

68 hrs 0.9% macl3 FIE 100 n. — PTE 100 u.

D hrs Sacond blepding Serond bleeding Second bleeding Secondd bleeding
1 1M 1o

2 5.50 m1

30,25 m1
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Effect of parathyroid extract (PTE) aod/or vitsmin D on the gerum calcium of

Table »u

The treatment plan is given in Table B9.

vitamin D-deficient young rats (experimemt 37) (5827)

gerum calcium is piven as mg/100 =l.

The mean and standard error {S.E.} of

Group I Croup II Croup Iil Group IV
¥it. D +
Comirol T ¥it. D PTE '
Hrst Hean 7.42 6.B9 7.41 6.83
blseding 5. E. +0.18 +0.26 +0.26 +0.21
No.l 16 11 15 13
Sacond Maan 6.85 7.B7 B.45 9,52
blasding 3. E. +0. 20 +0.21 +0.12 +0.17
. - 14 15 15 16
o 16 11 15 13




Tahle 951

Deaign of Teat for Additivity of Main Effectan of
Parathyroid ¥xtract (PTE) and Vitamin B {D) (5827)

No PTE PTE
No D Group I x = -0.57 Group II x = H),RB&
i Group III x = +1,04 Group IV X = +2,58

x rafers to ths mesn individual incresase in serum calciun (Table 90).
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Table 92

Effect of rathyroid extract on the serus calcium of vitamin D-deficient
rats consuming differemt diets (5827)

Mean + standard error. Age and weight were vecorded 1, 2 or 3 days before

the firat injection. The rats received the experimental dists ("high—protein”
ir experiment 38 and “low-protein" in exparjmgnt 41) from time of weaning

and throughout the period of observetion. The sxpsrimsntal rats were given
injections of 200 and 100 units parathyroid extract spproximately 24 and 6 bours,
respectively, befors bleading., The coatrel rste recsived compsrabdble injections

of physiclogical saline solution. Eats in sxperiment 41 were also hlad 1 day
before the first injection was given.

Serum calriun (mg/100 mi)

Exp. amd Age Welight ¥o, Before Afterx

group (days) (g) TAtn trentment tTeatment Differsnce
38 PTE &5 102 + 4 17 — B.77 * 0,27 —

38 Control 45 101 + 3 18 _ 7.39 + D.29 e

41 PTE &7 81 2 14 5.65 + 0,19 7.35 1 0.20 1.7¢ = D.15
41 Control 47 78 + 2 13 5.80 £ 0.17 6.22 + 0.16 0.42 + 0.10
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1 ——

Effact of

older:

Table 93

FIX)} and shom

ation {(Sham) o the serum

calcium of vitamin D—deficient young rats {5827)

Hesn + standard error. Age and wwight were racorded 1, 2 or 3 days before
time of the operatiom. The operated rats reprasant that fraction of a larger
group (35 rate jn both cases) which had the lowest serum czicium levela. The

"high-protein” diet wae fed to all rats throughout the sxperiment.

The calcim

centent of the diet in expariment 38 wms reduced to 0.52X 20 days before the

operation.
Serum calciue (mg/lD0 ml)
_ Before operation
N ::p. amud ?ge . t)ight Ho. Afper Individual
oup days Tats
* 29 dave 2 days oparation difference
39 Sham 48 10646 — 8.1840.21 17.81+0.35 ~D.3840.24
3 PTX 48 11547 6 - 8.0340.28  15.5740.39 ~2.4740.,36
38 PTX 76 15146 7 6.23+0.20 6.6540.16  23.834).06 <2.8240.13

5 hours after the operation.
7 houre after the operation.



The authors comsentad that the phosphonatss ware moTs resistant to chawmicsl
sod susywmstic breskdown than wers the phoaphates, and suggested tharapsutic
triale in man.

In snother paper thase suthors reported that ﬂiictmaﬂl-]: and Bzc(l‘u!!m;}:
retarded tha dissolution of apatite crystals in witre, inhibiced bena vesorpticn
inducad by perathyrold sxtract in tissus cultura, sud rewersad pavathyroid-
induced hypercalcemis in wivo in wice safter orsl adwinistratiem (1823).

In sddition, the diphosphimates (but not a sonophosphonats) complately
prevented sortic calcificetion in rats given deily oral dases of 75,000 I n,;
the progreas of acute myositis oseificans was arvested in fwo human patiente
given casc(m} {Pn_.,}li.]z (1884),

In 1971, Fraser st g1, (1896)investigated the effsct of EHDF on urinary
atonas produced in rate by Pye The reaulta (Tabla 54} showsd thet EADP 0.5%
w/v iehibited tha formation of the celeium hydrogsn phosphats stones cavesd
by administeation of D, 10,000 Tijwesk,

In 1974 Talmage apd Anderveon (5672) studied the effect of EHDP 40 wg/kg/day
1o rata without thyroids snd parathyreids, Thess vata had haan injected s.c.
with PTH te give a contralled hypercaloemis,

EHDP raduced the hyparcalcemia, duk it slso cresated 4 low hlood P,
considexed to raflect axtra axcretion af P by tha kidnaya.

The authors inferved that EHDF affactad tha action of FTH on the kidneya,
snd thersfore could affsct D mataboliam by tha kidneye.

In 1374 Baxtar st al. (0409} studiad this {nhibition in chicka in wvivo
and in vitro, snd concluded that high doses of ENDF fnhibited tha l-hydroxylation
of Ii-ﬂli-ﬂl by the kidneyn.

H. Barbiturates

In 197) Omdahl and DeLluca (4376) slluwied to & single repoyt that lzl:l
mstabolism was accaleratad in patisnts on long-tearm barbiturate therapy, The
veport included supporting dats from short-term studies in yats, and sssociated
tha affect with liver microsomses. FHowsvar, the suthars {43176) cautioned that
in their opinion, the reporced axparimental conditions tould produce artifects,
and that fudgement should ba suspanded until the allegsd metabolites ware
identified.
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subjact to such individual variation. Thay belfeved that much but not all of
the dmeage was secowdary to D-induced damage in the kidneys, but reversibility
of the vascular demage depended sntively on veversal of kidnay demage.

Tn a long discussion on the possible ralavence of rat findings to
stharogenasis in wen, the authors comcluded that in detail their findingas
sppesred to be relavant. However, in man they pointed to sthnic "fundasental
differences in caleium and phosaphorus matabolism datermined by diet.”

3. 1In 1960, Chipene {1024) atuodied tha histological changes in the ovaries
of Tt daficisnt and D overdosed albino rats. (See p.222 and 150 for related
studies by Oniwa and Kudo respectiwely). Table 53 showa the histological
changes in D deficient {nwature rate. The suthor concluded that D-deficiency
resultad in strophy of the genitals with sccompanying reductiom in sexusl
Funetion,

In the sxperizent with D overdosage th2 weights of ovaries of rats given
1000 IU or 5000 IU of ' wera greatar than thoss of contrela. Uterl in the
group given 10,000 IU showsd a tandency to be atrophied. The sstrogendie
effact of D in women hes been repcrted by Freedmam (19203},

The author concloded that a emall amount of D stimulsted follicular growth
canuing uterine thickening and acceleration of aexual function. A large,
long-tern dose however, caused first & transisnt stisulus but eventually caused
the genitals to atrophy and arrested sexual function completaly,

3. In 1968, Ornoy et al. (4389) investigated the effect of hyparvitaminosis
Dz on the mineral composition of rat fetuses, fetal bhonss and placentas
and on the maternal serum levels of Ca and P. & total of 24 pregnant and 12
oonpraguant slbinoc rate (180-220 g) were administarad 400G, 20,000 or &0,0080
IV D, in ] ol olive oll solutiom by Intragsstric intubation. Twelve controls
received only olive aoil, The animala were divided inte aipght sxperimantal groups.
The axperimental results are sumnarized in Tables 55, 57, 58 and 59.

The significent results were:

a, Animals which received 4G ,000 units showed a statistically significent
decrease of fetal wet weight, ash weight, and Cs and P contants (see
Table 57).

b. Sipgnificant sltarations in the composaition of fetal bone were produced
by 4G,000 units. The concentrations of both Mg snd P were considerably
higher than controls (Table 58).

¢. Placental welght was reduced in the groupa recefving 20,000 and
43,000 IU B, (Table 59).
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I, Anticoovulesnts

In 1973 Omdahl snd Daluce (4376)investigated the effects of 5,5-diphenyl-
hydantoin (Dilmmtin) on the wmetsholiem of lsheled o, and 25-GH-D3. Thay were
lad to do so by reports {(cited) of tickets in children and hypocalcemia in
adults who had received aticonvulssnta, sad that the ricketa had responded
te D, In short-term axperimsata in rate the sathars found that both na and
25—-ﬂE—D3 disappaared more rapidly from the serum of Dilantin-treated rats than of
controls, but found no other affects on D "matabolisn per se.” They commented
that leng-tern animal studiss were needad, becauses the reported affecta in
man were long-term.

In 1974 Villareale at al. (5994) studied some interactions between D:t
and Dilantin in chicks. UDay-old Whice Laghorn cockerels were given D-free
but sthetwise adequate diets, plus I:I3I and/or Dilantin as in Table 95.

The Dilantin produced rickets, hypocaleemia, diminished CaBP, and
diminished intestinal Ca transport. The effects were doee-ralatad, but they
ware aleao ralsted inversely to Intakes of Dj.

The authors concluded that DMlantin acted on the metabolism of lil3 or on
the tigpsus responses to D.‘i’ and not upon the Ca tranaport machanians. They
suggested that the chick was a good simal in which to study druge suspacted
of D-ancagonism., They also suggastad that intakes of D should be watched
in patienta requiring seizure tharapy.

Table 95

Effect of diphsmylhydantoin on body weight, ssarum caleium concentratiom,
snd tibia ash of chicke on two lewels of vitamdn D_. ({5994

3
Treaument Terminel . .
Serum Tibia
Group* body s

B,r DR weiglt Y ath

(U dayd fmg/m? {ma) fmg/ 100 m) R

L o 0 193 211 6412 MLl
2 h 1] g0+ 18 21+01 =3

i 3 188 158 £ 10 7911 M3
4 1 1800 |4 O 61202 Wx

5 & 1] 305 = 11 1046 =02 41=]

[ 6 160 WX b6 21=02 42+ 1

T & 1803 0 4 12 503 |
PR oclucks per groug; vhlwes Tepresent akang = damdard eocor. of (ke meuny, + Vilamin 0, given

crally, 1 Porcentige o fat Frew ey waight,
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Vi. GConsumey Exposurs Information

A. Data from 0fficial Compendia

1. HNo quantitative data oo axposurss of the United States population to
smnlight were found in any of tha compandia that wers conaulted. Ko data ware
found on amounts of UV incident on the lend surface of the United States, or
on any part of the United States, at mny time of year. No such data were
found in socurces outside the official compendia. Thus, no base~line dats were
found for assessnant of andogenous D activity in the US population or in any
sagmant of 1it. '

2, Im 197] The YS Tariff ﬁuu:l.nim (5878) lieted the following aupplisrs

of D2=
Peter Hand Foundation
R.P. Scherar Corporation
Vitumina Inc.

and of D¢

3

IHamond Shamrock Corporation

Dawe's Laboratories Inc.

Patar Hmd Foundation

Vitazdins Inc., also listed alone ss a supplier of provitsmin D
{7-dehydrocholaaterel)

The Commigsion also listed the following turnover statistics for 1969:
US totals, bulk medicinal chemfcals:

Production - 200 willion lbs {12% sbowe 1968)
Sales - 145 willion lba, value 482 willion {comparsd with 173 m lbs
value $415 m in 1968; and 127 m 1bs value 2785 ® in 1967).

1S total of vitamina:

Froduction 17,647,000 lbe.
Sales 14,777,000 lbs, walue $71,345,000 or 34.84/1b.

US totals of vitemins D:

Production: 10,000 lbw, or 177,805 billiem IU,
Salea: 4,000 lbs, or 79,597 billion TV, walua $655,000,000 or 58.23/}
billion IU.

3. In 1972 the USDA{6394) listed the following civilian consumptions of
condensed and eavaporated wilks:

3
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Yanr Mllion lba Ibs per capita

1929 1657 1%.6
1939 2327 17,8
1947 2904 20.4 (peak)
1948 2926 (pask) 2.2
1949 291% 19.8
1959 2501 1.4
1969 1585 7.9
1971 1386 6.8

fkinm wilks, infane dist formulas, Mellorine wera not wentionad ssparately.

Statistics for "all cersals" ware not broken dowm, so no data wers given
on comsumpiions of breakfast ceyeals, flour, farins, bread, bune, or rolls.
Howevar, tha following consumptions were liated for margarina:

Tear Mllion lbs Lbs par capita
1949 B3l 5.8
1559 1604 9,2
1969 2154 10.8
1970 2223 11.0
1371 2264 11.1

From 1967-1971 the listed price fluctusted in cthe range {for yallow,
coloyad wergarine) 17.2 to 30,B¢ par 1b.

4. In 1972 the HAS NRC (1120) defined vitsmin h! as & "pueriant” and "dietary
supplamant', the same applylng to Ty In 1345 thay (00B0) had dascribad chese
two gubstances ar "nutrition factora", to he found as additivas in:

Prepared braskfast caraals, vitssin D-milk, avaporatad milk, skim
milk, infaar distary forsuls, MHellovine {vagwtable~fatr initatiom
{ce~crasw), and margarine.

250-1000 TV of D par 1» werve to be found in sariched flour, snrichad
bromatead flour, smriched self-raising flour, snriched cornmeal and
griis, anrichad macaromi md weodls products.

fariched fatrina contained 250 IU/1b, enriched bread and rolla
containad 250-75¢ I0/1b, and svaporated milk contained 23 TU paer
fl. oz, of finished product.

5. In 1972 the CRC Handbook of Pood Additives (0988) scated that pasteurization,
starilization, or H,0, had little sffect op D in fluid milk, and that dry milk
could be fortified by blending with a beadlet forn of D or by homogenising with
D in an oll carrier before drying. ''Overages sre necessary”, the book stated,

becausa of znalytical errora in assaying low-potency products,
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On the other bhawd, D, was the "eoumon form usesd in human nutritiom."”

6. In 1972 the FIMA ORAS Survey published by NAE MRC (1831, 41950) estimated
consumet exposures to D as shown in Tahlam 96-98.

B. Informatiom from Suppliars

Imquirias ware made of three major suppliers of milk ta the graater
Washington, D[.C., area, sbout thelr policy mad turncver of witssin T-milk
and vitsmin D-fres milk. One supplier wam a ratall grocary chain offaring
both types of milk; this supplisr pave us verbal information bhot asked not to
be put on record, The second suppliar wvas s retall grocery chain of fering only
vitemin D-wilk, and this supplier ststed (2092):

"During 1969, when we opensd our Dairy opsration, we
umanufactured bsth tha plain homogenized and Vitamin D milk,
Thers was & 5¢ spread in ratails batwesas tha twe milks.

In 1971, the retails vara the sana and salss droppad on
tha plain hemogenized making it no lor+er ecocowically possibla
to continue to process plain homogenized milk."

The third suppliar was a milk produrar cooparative with 206 convenimce
outlats in the greatsr Washington area, supplying milk smd general groceries.
This supplier snewered (0903) that their policy was to offar tha customer a
cholce vhare possible, and that the ralevant results were as in Table 99.

In Fabruary 1973, tha Upjohn Company, having acquired a licence to develop
soms of the new metabolites and snalogs of D3 mentionad earliar in this wmonogrsph,
described the current positiom am follows {(5R95):

"Quastions have baen raised concerning the current status

of the active metabalites of Vitamin D,, 25- DHD and 1,25-
{Gil),D,, and the closely related analod, 120HD In suppurt

of bgs?c research by Dr. Deluca and by c]inica? scientists
working in the field, The Upjohn Comnany, Kalamazoo, Michigan,
prepared a Master File, compieted 6-month toxicolegy in the rat
and dog, and provided unit dosage forms to investigatars who had:
effective 1NDs, with approval of the FBA. More recently, they
have filed an IND and are sponsoring clinical studiss to es-
tablisii canditions under which 25-0HD., is safe and effective in
treating specific indications which hgue represented probloms
in the use of available forms of the witamin.
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Table 96. Usags Lavals Raportaed

{1851)

"Hunber
Firne Wed, Hean, 2
Food Catmgory Reporting Usunl Use Maximum Usa
Formulas {3) 4 L0014 pnNnLg
Formulas (B} 4 « Oann . ONONS
Table 97, Ammual Poundage Data (4190)
Total 1970
Numbar Filrme Poundage Raported Reported
Reporeing (Matching Reporea) Poundage
1960 1570 19&?___ 19m )
21 26 53.1m0 172,742 173,44
1 1n 46,350 &6 ,793 46,793
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Tabla 99. Turnover of vitemin D-milks and vitamin T~fres milka ar 206
' conveniance stores Iin the graatar Washington, D.C., area (090N3).

% of Total Gallons
Novembar Yoveshar Hovember

3973 1572 1971

1. Homogenlzed Vit. D.Milk 11.402% 15.15% 21.80%
2, Homogenized Milk 3.5X% B.T. 59.24% 55.08% 61.53%
3. 2% Low Far Milk 2.95% 2.79% 4,267
4, 17 Low Fat Milk 18.62% 1B.05% 2,83z
5. Woight Watchers {TM) Skim Milk 1.58% 1.49% -
6. Skim Milk 4,14% 3.84% 5.27%
All other Fluid Milk & Cream 2.45% 3.62% 4.31%
Total Gallong Represented 1,029,117 902,558 824,503

1. Vitamin D fortification with #70 USP unlits irradiated
egosterol per gt.

2. Ho viranin forrificarion.

3. Vitamin 0 fprtificarion with 400 USP ualts 1rradiated
egostercl per gk. Vitamin A fortification with 2000 USP
units palmitate per gt. Forrifisd 1.5% {by wolght)

Hon Fat dry milk solids added.

4. HWo vitamin fortification.2% (by weight) non fat dry milk
solids added.

Vitamin D2 fortification with 400 USP units ecalciferol per
gt. WVitamin A fortificatien 200 USP units of Palmitate
per qt, Plus 10 mg. Ferrle ammonium clitrate per gt.

L
.

6. Vitemin D fortification 400 USP units dirradlated egosreral
perT k.
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While it is prematura and inappropriate to draw conclusians at
this time, it may be noted that the use of Vitamin D has been
associated with several therapeutic difficulties, including:
individual variability of response from subject to subject;

Jag time hetween dosing and response; danger of overdose due

to retention of the vitamin in tissues; and absence of a clini-
cally convenient assay to monitor serum levels. Because of the
multi-sten enzymatic pathway involved in the activation of
¥itamin 0, it may be hoped that management of these therapeutic
problens will be relieved in part through the use of 25-0HD.,.
For specific indications, it may be expected that la-GHD aﬁd
1.26-(0H).D., will be uniquely useful. Clinical availabiPity of
the activé ﬁetaho1ites should provide alternative approaches to
the treatment of resistant patients and eliminate the necessity
of Jsing heroic doses of Vitamin D itseif with the long-term
hazards involved.”

€. Surveya and Research Papera

1. A paper writtem in 1938 by Jeans snd Stearns (293) became, and remsina
today, the principal scientific bawis for the US RDA for I intakes. Tha
arguments ars susmarired here but should bs read in full in the original,
bacsuss of the care with which the suthors defined their datz-haee and the
precise cautions which they attached to their inferemces and suggestioms.

For example (p. 703 of the papaer), "The requirements of vitawin D may he
defined ag those amoumts which, with ample intakes of calcium snd phosphorus
and a diet otherwise adequate, insure sufficient retentlon of calciim and
phosphorua to permit (a) normal growth and mineralization of the skeleton
and teeth of infantes and childrem, (b} maintenance of bony and dental
structures during adult 1life and (e} a sufficlent supply for mother and
infant during pregnancy and lactation. Unfortunately no one yat knows the
nornal Tate of growth of children. Toatead, there are available only many
average tatss of growth under widely varying conditions of mtritiom.”

The authares restricted their discussion te “only the ingeatead forms of
vicamin D" as then known., Criteria of adequacy were hesed on "Fully adagquate
rathar than the miniwem requirement" based om x-rays of radium or tibia,
supported by serum Ca and P determinations which were considersd to have
"jefinite but limited usefulness.”

The authors coneluded from their owm studies "corroborated" by others,
that infants fed cows' milk fortified with 135 TU D/quart had serum Ca and P
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valuas that wars normal (aqualing thoms in breast-fed infants) and grew st
sverage raten. fHigher dosages (300~500 IU) produced serum values "nearer
the top of the norsal range" and such infants tendsd to grew “somewhat faater
than the average.” Ca retention fluctuatad in children whoss diet was not
fortified with D, The recommendation (I00-400 U} wes "tentative,”

The aythors stated that data wars not avsilable to show whether a level
{ntermadiate between 135 IU and 300 TU would be g3 effective as 300 II'. They
reported, neverthslese, that smeunts coneidersbly greatsr than 400 TU "may be
detrimental” by thair criteria of growth and rvetantion, citing 1500 IU as an
exanple. No dats on tha threshold for detriment were reported, smnd the
suthors cantioned that it "may be lower than the amoimte which have hitherto
been sdministered without toxic sffect."

Diffgrences, if any, in the relative potencies in man of cod liver ofl
and irradiated srgosterol ("vioaterol” or D‘]' ware small, but there was a
comcantration effect; probably sbmorption decrassed in doses abave 100 IU/g,

Braast-foad babiss should probably teceive D supplesments slmilar to
formula-fed babies, although the requiresenta "cannot ba stated with accuracy."
Such data as were available {cited) suggestad that prematurs bables should be
given 600-800 IU/day.

Feor preparations of D wera sold for use by childran, it being assumed
that cthey got more munshine than infanta, and criteria of nead were fewer.
"Prevention of rickets is of no valus"; serum Ca smd P were 14ittle help: no
studiea wera known of growth ratas; however, dental cariss was discusaad.

The authora concluded thet 350 or more IU/day in milk "may" lessen the incidence
of carlss without praventing or arresting it. However, an accurate astimate

of the optimal Intake of D for childran could not be made on the gvailable
avidence, except that 1t secmd nelther greatsr nor less than ths optimum for
infants.

Similarly, no estimate could be mede for optimal Intakes of Ca or D by
adclescemts. Sinilarly in adulets; tha addiclon of D to tha diet in no way
lassened the requiresment for Ca. The linit of tolerance by adults appeared
to bae 150,000 IT or mors, although the authors cautioned thet tha limfted
data showad individual variations. Ho conrclusion could be arrived at for
the neads of pragnant snd lactating women, and no reports had been found of
hypervitaminoais D in such women; "consequently the affect is unknom."
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Neverthelass the suthors concluded im their summary that 800 IU/day with an
Hubundmt" intake of Ca and P shonld be given during pragnancy and lactatiom.

In making these recomendaticns in the absence of epscific evidence the
suthors invariably prefaced their resarks with a cauvtionary "it would be wise
or "it would pesm", aftar justifying & omed to recommend by citing ralatively
sdverss effects of no additions of vitsmin D, smd sophasizing the need for
Taagarch.

2. Im 1938 Nelson (4212) noted that:

(1) About one half of the evaporated milk sold was forrifiad
with D.

{2} About 700 dairies in the U5 sold fresh wmilk fartified with L.

{3) Milk, fish, and sgge wers the known natural sources of D;
plants wers believed not to be natural sourees.

{4) The following pharmaceutical praparationos were sold as
pources of D:

Natural fish liver oils:

Activated sterols such as viosterol in edible vegatable
otl, which contained only activated srgoatercl;

Miztures of these sources of D presentad in sswlaions,
tablata, capsules, snd malta.

The suthor commanted that statements of mimimom potency (maxS{wmm
potancy was pot mentionsd) must be relied on for intelligent use of vitamin
D praparations.

3. In 1944 Johnaton (2966) concluded, from & clinical study of six children
aged 5-15, that Dz intakes of £5 to 3900 ID/day were desirable and did not
deprass growth.

4, In 1953 Allen et al. (0064) raported the results of two nutrivrional surveys
on 158 children aged 1-6, which inecluded aathropomaery, x-ray, blochsmiatry snd
diat racords. The surveys ware parformed in Halifex, ¥.5., in 1945-1947 and
1949-1951. Observations wers Tapsated sftar & montha.

The authors commented that sboutr half the subjects grev and calcified their
bones adequately on substandard diets, but X did not. Bone maturation could be
normal oo D 25-130 I/day and Cs and P leas than 1 g; Ca 0.2-0.7 g could be
adequats, but not in all cases.

5. In 1953 Baldwin (0313) reviewed the history of homogenized milks and their
usa as a carrier for N. Homogenization of wmilke dated from 1892 in France, and
such milks were exhibited at the Paris World's Fair in 1900. A description of

thes was firat published in Americe in 1904, snd they ware first markatad at
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" Quebec ia 1910-1512, unsucesssfully. They ware sugesssfully marketed in Ontario

in 19217-1932. In the United States howogenized milk was tent-marketad {n Illinoix
in 1921, and markated commercially at Phildelphis in 1928, and fo Illineis from
1932, National marketing began fn 1340; by 1946 50X of milk seld was
honpgenised, by 1949 shout 70% aod by 1953 sowe dairias sold all their =ilk
homogentzad . | |

In 1932 the AMA advocated wilk as a carrier of added D, and from 1932
vitasin D nilks were produced by fortification, by iyvadiation, and by feeding
cattls irradiatad yeast. 1In 1937 they recommanded general fortification of
milk with D, on the grouwnd thar moat people did not go to doctors unless they
wers 111. Dairies found that forrification was sasier, mnd D better distributaed,
when milk was homogenirzed, and nonfat D milks becams available shortly before
the revies was written (0311). _

6. In 1957 Benglovanni at al. (0636} found that true intakas of D in the
Unitad States were imposeibls o estisste. Tn review thay noted that when
the recomssnded daily intake in Britain was raised from 400 to 700 IU in
1943, the Incidsncs of hyparecaleemia also vrose. Although, by 1957, the
British fortified their milk with 1400 IT/{iwperial quart, compared with 400
I /quart in the USA, many other fooda were fortified with D in the USA,
Aowaver, Jasns snd Stearns (2993) had indicated that B00 1U/day might be
excassive. From thair own clinical experience the suthors econcluded that intakes
of 400-500 IU/day should not be exceaded.

7. In 1958 Praser sand Saltar (1B92), from thair experiemce snd that of
others, stated that they "suspect that the forcification of evaporated
wmilk with victamin D has had a desirable sffect upon the incidence of rickets
in North imerica", but they advise agninat the use of prophylactic doses in
axcese of 1000 TU snd deprecate the umwarranted addicion of vicamin D to
other cosmsrclally prepared foods.

. In 1962 Jolliffe teviewad hyparvitsminosis D (0201):

#. Ip Britain infants had saximal fntakes varying around 1500 IU/day
Though intakas ware less {n UEA, halibut liver preparatioms were on sale
containing 6000 ID/tep.

b. HNo case had been yaported in & breast-fed infant, snd breast—
fasding was not obsolate in Britain. Human milk contained 30-100 IU
D/liter, or 25% of the comtent of cows' milk.
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¢. The Brirish Pediatric Sociaty had recommsnded that nvo "food"
fortified with D should ba given to {nfante (who should recaive cod
liver oll of mown poteacy). '

9. In 1964 . Daluca smd Coxxi (1320) raportsd 1? casss of hypervitaminosia
D, of whieh 10 accurrad during the spring and summer whan, according to the
suthors, incremssd UV sxposurs decraased the nesad for D Intake.

10, Tn 1966 Frasar at al. (1594) stated that in their opinion the study
of Jeane and Stearns (2933) "doss not stand up to modern teata of significenmce.”
They also quaried the contyols that assscisted hypsrcalcemia with amounts of
vitamin D intakas as disclosed by British statietics; Britizh cases were moatly
mild, Amarican mostly severas, and the causes might bhea differant. Valid
. #pldemiological datzs ware lacking. The muthors concluded that no good grounds
existed for revising American policies on the availability of vitamin D.

. 11. Alao in 1966 Tansadg (5703} revieved work on hypercalecemia, citing
Bonglovmnnd et al. (0656} among others, and concluded that idiocsyncracy was
involved. Such children, in the author's visw, were injured by D at 3000 ID/day
but not at 400 IU/day;: this gave only an §~fold margin of safety. The author
suggested that phyaicisns should avseid glving children levels of D that were
unnecessary and might he harmful.

12, In 1968 Staarna {5504} veviewad 25 ?IEII. of her ovn and others' atudiea
on vitapin D requirements, based on prevention of rickats (minimel requiramenta)
and provislon for growth of children (maximal requiremsanta).

She concluded that:

a. Vitamin D 60=-100 IU in milk was enough (daily) to prevent tickats
but not enough for maximal growth.

b. A daily dose of 300-400 IU was ssple for growth.

c. Growth was impeded at 2000-3000 ID daily.

She comsented that it seemed "most unwisa” to give children routinely
3-4 tioes the optimal dosage, adding that breakdowm and sxcretion were slow,
toxic levels accusulated essily, and "at prassnt far more bebies in Amarica
are baing overdosed with both vitamins A and D than those receiving inadequate
intakes."

13, In 1967 Dale and Lowenbarg (1267) surveyed the D intakes of af{x groups of
25 subjacts from nemmstes to 17-year-olds, because of reports of hyper-
vitsuinoais . Their Findtngs are shosm in Fig. 15 and they alse found that
axcassive incakes resulted from ingestion of vitemin praparations in addition
to D-fortified foods.
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Figure 15

Average daily intakss of vitamin D by sge groups and sources. (1267)
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14, In 1968 Coocke (1132} reaviewed the etiology and frequency of infantile
hypercalcamia, and concluded that:

a, The more D consmmad by mother or infant, the more frequently
hyparcalcemis sppesred. This was consistent with a normal range of
hyporsenaftivirien In & population.

b, Yo mininize the fncidence, intakes of D snd Ca by pragnant women

should be limited to the RDA, and the detailed proposals by the AAP
Committes on Retrition should be put into sffect.
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¢, Thase included making D-free milk svatlable, discontinuing the

addition of D to all other foods, limiting tha potancy of D in patent

medicises, snd suparvising pecple's consswption of D, especially con-

waption by pregnant vesan asd Infants, snd move 80 In fanilies wvhers
hypercalcenin had already appaarad.

15. In 1968 Fovecs (3271) wrota to C & B Yewx om bahalf of ¥iteming Inc. to
protest an aditorial statemsent that vitamin D would not iteelf zura rickets.

This etatessnt wes comwsnt on discovery of the role of IS-DH-Da. The author
stated that D veas defined officially by its effecta, not by its form, and

that "groasly incorrect” summaries night mislead "the common peracm" and so
“east msparsions” om what the vitsmin industry had been doing "to make vitamin
D preparations available.” Tha suthor complained thet "the industry is plapued
by enough sisinformation and attempts to regulate us” and that "the sditorisl
gtaff of C & E News 1s mnisled so easily."

16. %n 1969 Seelig (5216) reviewsd evidence that in infants hypersensitivity
te D was recognized as SAS, general arterioscleroais, or renal acidosis., For
such infante the RDA for D could be toxiec; the range of sansitivities was wide,
and sometimes little above the intakes that prevented rickets. White childrem
needed lean I than Black, snd were more often sensitive to alight excesans.

The potency of D in milk was 3-10 times its potency in oil. The author concluedad
that since it was difficult to guard individuals against potentially harmfuyl
Intakes of D, ita routine gdditien to foods including milk should be reconsidered.
She added that specific supplements could be prescribed for childraen suaceptible
to rickets.

17. In 1970 Seelig (5217) inquired whether American childven were axcessively
axposed ta D, and pointed to risks of such sxposure to hypsrreactive individuals.
She raviswed reports that:

a. D2 was nora toxiec to expsrimental animals than DS’ Juwigad by
rangl and cardf{ovascular caleification.

b. Potency of D in milk, the usual carrier, was far greater than
in oil, tha refersnce carriar.

¢. Prophylactic supplements, in milk, of 125 I/qt or 95 10/day
had besn found adequate.

d. PEven hyporeactive children, chiefly among sthoic minorities with
deap akin pigmentation, had been protected by omly 332 IU/day in milk,
aquivalent to 1450 I in oil.

e, Vitamin supplements were availsble for hyporsactive children.
f. Much of the need for prophylaxis wan ssgsonal.
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g+ The swomts asaded for prophylexis in dark~akinned children
night preveks hypercalosmis in fatv~skipeed ahildzem, ineloding the
smounts currdatly sdded to milky,

h: As a steroid haveons, the ssctivity of D cpuld ba incrsased or on
the other hand abelished by minor altarstions in chamical structerc.

1. By the tise hypsrcalcemia was disgnesed, brain and cardievascular
damags could ba irvewerwible, whavess ricketa could ha diagnossd befora
lrravarsible damage wvas dous.

fha comeluded that the lavel of 400 IU/qt of milk as & wmiversal
fortification raflacted an "sditerisl compromiss,” and should ba re~evaluated,
along with methods for diagnosing D-deficlency in sarly infancy.

12, Im 1971 Lewin et al. (3500) cemeluded that infauts too small to commume
the usual smounts of milk formols raceived too little sxposurs ta D,

13, In 1971 Lumb ot gl. (3607) tavestigated the relatiomahip hetween serum
D values and axposures to D, during s study of normal subjects amd patients
with D-rastatmnt kidmey-relsated Ca dimordars. Soma cessp received therspy
with D! or Da.

Healthy serum 1 valuss were found to range between 0 and 1.6 10/el,
avatage 0.17. The suthors commented that:

a. nersal or least-sufficient values were wmknown,

b. tha cowventional 1 IU/ml wen arbitrsry, and

€. valuew varied smoug populationm; in Worth marics thare was
mors sunlight than in Britain, sleo mors exposurs to D supplssents.

The authors noted that 75 IU/day probably was anough for health of &
buman sdult; casss had Tespemdad to 100 IU/dey, amd to hospital diets without
D supplements. However, they concluded that sasual axpesure to wmmlight was
sot ascugh.

They citad a survay indicating that British intakes of D saldon axcesdad
150 IU/day, but claimed to have found no systematic survey of the US popula-
tion. Nevartheless thay comcluded that diffsreaces of D-ralstad olinfcal
obssrvationa probebly reflected differences of exposurs to D. Serumm Ca of
healthy subjacts showad no such differencas.

20. In 1972 Sealig (5219) raviewsd her own and othars' evidence that high
intakes of D increassd urinary losses of Mg snd thus increassd tha Mg raquiremsnca
of infants. Thare was w» connection between hypomagneseais sud hyparcalcemia In
some patisnts. Although much of the svidence was indirect, or from animal
studies, Seslig concluded that D-supplementsd cow's milk imposed a graatar Mg
Tequirement in infaney than did mother's utlk, and that lpog-term atudies
wirs urgsntly saeded.
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21. In 1973 Palmisanoc (4431) surveyed the expoeure to vitemin D, wud the
articnde of physicians to it. Ha drew attestion to the following:

a. Adult akim gcentained 3-4% of 7-dahydrocholestercl (7DHC) under
the stratem cornmm; infants wora than douhble, and thair corneom was
thinnaer smé lews pigmeted, regardless of racs,

b. Moat commmroisl milks, baby fooda, and brasakfast cersals wera
fortified with D. When added to emdogencus D, average Americans might
receive seversl times their ADA. SHoma Americans showed profoumd
texlecity to amounts only slightly over their RDA. In normal peresona
intakes ower 100,000 IT/day wire toxic (symptoms listed) snd such
parscns wete liasble to metmstatic kidvey calcificetion and hyper-
cholastervldmia.

¢. D~daficimmay in the sbsence of walabsorption was rars; total
intakes abowe 400 TU/day fx (author's smphaals) ware not
requirad, and intermictanc %ﬂ to sunlight would provida thias
sxcapt to satrict vegatarian reclusea. Minisus requiremsnte had besn

aotinated as 70 IU/day, sxcept that dark skinned persone converted 7DHC
ko D, lean afficiently then light skinned parsons.

22, Tn 1973 a lancet Edtorial (0193) discussed tha naad for vitamin D
supplamants. Rickets had heen eliminated In Sritain after addition of Dy to
Wacional Dried Milk, but had resppearsd pilnce 1963, snd wee astimaced to
occur In 4 of school children. UV daficisncy was sstimared to be common in
ssnior citizens, and tp contribute to osteoporosis. A Panel on Nutrition of
the Eldearly had recomwanded fortifying thefir liguid milk.

23. In 1973 an editorial in the Jeurnal of the American Madical Association
{1631) alsoc statad that 1,25-{03}2—113 acted “in the manner of a true hormona”,
that it had tharapsutic uses to be studied, snd that in research its use might
meovar the atiology of some hitherto baffling disorders.

D. FPecommendations by Industrial Organisations

1. In 1973, the Mationml Dairy Council (4191) commented on the reaffirmad
(1968) EMA of Ca, 0.8 g/day, as "expresesd without reference to" other dietary
intakes affecting Ca utilization, as to which the keynote was uncertatnty:

a. Prasance and roles of the 1 or 2 CaRP's of lumen intestine,

b. Geographical differences and bilochemical influences on real availability
of vitamin D,

. Intakes of P, and Ca:P ratio, racommanded as 1:1 but currently estimatad
a8 1:2.8, which influsnce Ca utilization,

d. Dietary protein {nfluences on uptake gnmd retention of Ca,
. Enhancement of Ca uptake by dietary lactose,

f. Influemces of distary Mg; fats, bile, bile salts; oxalic and phytic
acide in wvegatables and cerazls.
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Compared with the Tnited Etates 0.8 g/day, the RDA of Ca was 0.5 g/day in
Canads and Britain smd 0.4-0.5 g/day was recosmendad by FAO/WHD. Mathods of
sstimating tha RDi wers diveras, and few stodies had allowsd for adaptation tima.
Magy studisa wers based om assumptions not backad by avidenca, or m clatma that
defictency dizsensss had uot besn observed. Neithar the riske nor the requirements
had besn established, wmd it was possibla that the RDA of Ca should be incresssd
above 0.8 g/day (4191).

2. In 1968, Brooks {0770) noted that although D and Ca wers optional
ingrediants in the Standards of Idancity for Enriched Flour and Bread, littla
intersst had besm showun in sdding them at the mill, but baksrs started sdding
them for a short vhile in 1933. Howaver, the practica was discontinued (see
alsc 0079, 0O771).

3., In July 1954 the Americen Inmtitute of Baking (0079) advised the industry
to "refrain from veing its prerogative to add vicamin D to bread" or, if they
did eo, mot to add mera than 400 USP umits/lb and then to add apmough Ca “to
perait simultansous claime for calcium.” The Institute cited a statsment by
the NAS NRC that it was "umecesssry" to add D to bread, and added that such
addition "comtributes littls teo the nutrirtonal welfare of the imericen public.”

4. However, according to Brooke (0771), the response by mexbars of the
Amsrican Institute of Baking to tha eircular of July 1954 seans to have heen
incomplate; also, many pointed cut that the urban poor eould net efford to pay
tha axtra penny that was than charged for D-anrichad milk.

E. ERscomendaticns by Frofessionn]l Bodies

1. TIn 1963 tha Coomittes on Nutrition of tha Ametricen Academy of Pediatrica
(1118) issued a lé-page statemsnt of policy on requirements and toxicity of
viteuin D, In their opinion:

a. "Intakes of 250 IU daily are at lssst as affactive =s graater intakss".

b. Requirsments of Negro infants did not ¢iffer from thoss of White Infanta.

c. Use of massive mingle dosas (300,000 IU) was mmphysiclogle and
UINACASSATY .

d. Premsturs infants should recaive I supplemants in the first 2 weeks of
life, but did not need more than 100-200 IN/day.

s. Minims] neads of older childrem, sdolescents, adulte, and pregnant and
lactating women could nst ba dafined for lack of avidence.

f. Taxicity fipdings wers "contradictory” but Intakas considersbly lower
than 30004000 IU could "sometimen" be toxie.
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g. Exposures in USA or Canada "might ressmably exceed” 2000 or 3500 ID/day.
abd eyichuant of foods other than milk could not ba Justified., The
long term conasquences of such imtekes wers uniown.

The Committes Tecommsnded that totsl daily intakes of infants end children
should be maintsined at 400 IU and should be restricted to this smount from all
dourced. They warnad of the variety of mources, To inplement this Tecomsendation
they concluded that "conmarcial vitamio D supplements should be adjusted to
contain not more than 400 IU per dose” (zic).

2., In 1965, the seme AAP Committee (1119) fssued an addendum with copy to

the FDA, stating:

a. Because hyparcalcemiz (severa) wvas now reportad in utero, the 400 TU/day
limit should spply to pregnant women as wall sa infunte.

b, Addicion of D to foode other than milk and infant foods should ceass,

¢. Products containing mors then 400 IU/dose should be sold omly by
pregcription.

d. All productes containing D should be labeled with a warning of possible
texicity if taken in exceas of the atatad dosa.

&. A4ll doctors should sstablish a spacific nesd by testa bafore
prescribing D, "Normal adults living under ordinary cemditions do aot
Taquire supplanentary vitamin n."

3. 1In 1967, the amme Committee issued a third statement (1893) again
emphasizing that D was "potentislly dangerous in very high dosage” snd that the
margin of safety had not bean estsblished, The raport was largely concerned
with re-reviewing hyparcalcemin: it stated that 400 YU/day was ample for mother
and fetus normally, that practically nothing was known of the minimmm requirements,
sd that the metabolism of mothera of asvere hypocalcemice had not bean studied.
Laboratory findings in gsevere hypocalcemics were incommistent, for unknown reasond,
and though it had been wurmised that such patients ware hyparsensitive to o,
loading tests that would verify such suggestiona had not besen reported,

In Britain the incidence of savere cases had been estimated as 1:275,000
live births, and in Toroatc as 1:120,000 live birthe, but the basie for these
estinates could be criticized.

Prophylactic requiremsnte in infants could be as little as 100 IU/day, and
for older childran 400 IU/day was “eonsiderably mors" than the ninimum. There
was no resson for normal persons to conwume more than this: equally, there was
no reason to compel public health anthorities to insist on less.

Tha aarlier recoemendations were rapeated:
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a, Milk to be emriched with 400 TD/qt.

b. No sarichment of sny othar fooda.

¢. All D supplementa to contain 400 IT/recommended dose/day.

4, In additiom they (1116) drew attention to the lack of vitamiv D in nonfat
dry milk, fad incrsasingly to infants. They statad that the lack of fortificaciom
a3 because I had not been included by Conmgraas inm the 1944 Standard of Identity
for nonfat dry milk, and recommended that D supplements be given to infants
raceiving it.

5, In 1967 the AAP Comiftes on Nutritfon {1117) alsoc commented on some
regulatory changes proposed by the FA. They reiterated an esrlder
racommendation that:

a., 400 USP unita/day be the intake of infanta.

b, 250 USP untte/day be the minimum intake supplisd.

€. A lavel of 40 USP wtmics/100 kea} of formula would be "appropriate".

6. Tn 1968 the Food and Nutrition Board of the KAS NRC (1849) reissusd their
RDA for vitamin D. They recommended 400 ID/dey separately for 1nfanta;'ch11dran,
males up to age 22, femnles up to age 22, pregnant women, and lactating women.

No recomsendationa were given for males or females above sge 22. Ko intake
level other than 400 IU/day vam recommended For any category.

In explanation the Roard stated:

a. D was essential at all ages, was acquired by exposure to TV, or by
ingeating Dy or Dy, and became deficient when the total from all
sourcan vas Iinadaquate. :

b. 100 TU/day had prevented rickets in normal infants, and 100-200 in/day
had baen enough to prevent rickets in presature infants; 300 IU/day had
cured "actively" rachitic infants.

¢. Although rickets beyond infancy was "virtuslly uaknowm"” in Worth
Amarica, and requirementa for D were "difficult to determine bheveond
infancy", the Board “reaffirmed" an RDA of 400 I0/day for children
and adolescents,

d. Although the adult requirement for D "is not known", the Board stated
that 400 IU/day was "alsc justified for older ehildrem and adultra®.
No refarences were cited for this statement, although referances were
cited for the other recommandaticons mantiounsd. Furthermore, night—workers
and numa were advisad to drink vitamin D milk (no refsrsnces cited, and
no othar occupations wentiomed).

4. At the same time, intakes “considerably less than" 2000-3000 IU/day
had heen toxic to some people, and "the long-range effects of small
excesses of vitamin D have aot besen extensively studied in vitamin
D-geneitive individuals".
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f. hctusl individual intakes ware difficult to sesess because many foods
wire fortifdied with vaxrigus, smd werying, sscunts of D. Thos many
people "copgiderably axcesdasd™ the FDA. Yerthermors, tha XDA was
ingested withsut supplessnts by mest paople of all agas, except by
infants fed bresst milk alome or wmfortifisd formulas.

7. 1In 1970, a Joint WHO/FAD Expert Oroup (2969) reported that D was supplied
both by animal foods and by sunlight, so that amounts xvailable were difficclc
te sstimwte. In the tropics, ilntsakas wers low but thers was smple sunlight.
In temperate aveas, intakes nasded to be supplemented. However, intake daca
wvare "virtually non-existent”, axcapt for a British estimate of 116-133 IU/person/
day covering both rural and urban populatione.

The Group stated that RDA criteria wers normally derived from:

a. Non—deficient populacions sarvayaed,

b. Deficlent populations murveyaed,

c. Controlled lnman experimente, the production, prevention, =nd cure of
deficiency; these were the sost valuable, amd

d, Animal experiments.

Fhem thers was a2greesent among the sbove sovta of data, the RDA zould be
estimated. With D, the sunlight facror comtributed uncertainties. Furthermore,
the Group smphasized that EDA for ingestion of mutrients in foods were not
intended to be the sole bnaes for eveluating the nutritional status, eapecially
of individuals.

The Group cited the Jeans and Stsarns papar (2933) as arill velid, and felt
that the vpper limits of their recommended vranges of intakes should be used,
Theay noted, at the same time, that studiss on older children and adults were
still lacking; however, they discussed four veporte that patients with
osteosalacia had responded to 100 IU/day. They remarked that the smounts of
exposures to sunlight had not been massured, and remained wnknowm. Apart from
sunlight, there wau np evidence that D raquirements ware influenced by climate,
altitude, temparature, hody-weight, excercise, or sex.

In the abeence of significant information om the availability of T from
foods, the Group "assumes” that sll D in all foods 1a 100X absorbed. They
considared toxicity to be a hazard of intakes much greater than thoss recomended
below, citing hypercalcemia ay a result of long exposure to intakes of IN0O-40KN0
I0/day in infants.

The Group recosmended the following intakes of 1:
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Birth to age b6 10 pg (400 IT) daily

Age 7 and above 2.5 pg (100 IO) deily
Seromd gnd third

trimasters of pregmancy 10 g (400 TU) datly
Lactatiom 16 g (400 T daily

8, In s further report of 1970 the Committee (1344} repsated that there
was abundant eavidence that fortification of milk and infimt foods were effective
sgainst rickata. A survay in Horth Africa had revealed 45«60¥ of hospitalized
infants as rachitic, and preventive programs in developed countrias were mot
fully affective. However, in Britain when the D level in National Dried Milk
{ziven out at Govermment poatnatal elinics) was raised from 10 TU/g to 18 ID/g
thera had been an increpsed incidence of hypercalcemia. After the lavel was
reduced to 3.2-3.5 IU/g snd the levelm in infant cereals had been reduced from
35 to 10 I0/g and 1in cod Iiver oil from 800 to 400 T/ tsp, the incidence of
hyparcalcamia raturned to "low lavala', Neverthalsss, infants could stfll get
1000-1200 IU/day.

The Committes notad that in Canada D was added only to milk and margerine,
at closely comtrollad levels and that the imerican Acadeny of Pedisrrice had
racommgnded that only milk and infant formulas be fortifisd in the United States
80 as to maximirze intakes at 400 IU/day/infant.

The Committee emphaeized the apparently large differsnces 41n indfvidusl
sensitivity to vitamin D. They cited opinions that congenital supravalvular
aortic stenosis might reflect hypervitaminosis 0. They concluded that current
programs were "not entiraly satisfactory" efther for preventing rickets or for
pravenring hypervitaminosis D.

9. Im 1973 the Food and Nutritiem Board of the NAS NRC (1843) issued a
policy statemant on improvement of the nutritional quality of foods, annoynced as
superseading their statement of 1968. After saying that nutrients for whieh RDA
ware specifisd were provided in adequate amounts by a properly selected diet,
they “endorsed” the enrichwent, fortification, and restorstion of the nutritional
values of certain foods, including “the addition of vitamin D to wilk, fluyid akim
nilk, amd nonfat dry milik.”

F. Ragulatory Status

Dnited States

1. In 1965 the FDA publishad a proposal for rule—making (0155, 1845) over

concarn that excessive Iintakes of vitamin D might cause infantile hypercaloamia,
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The Tules were intended to hawe the following affacts:

a&. D would be permitted in “"food supplements supplying not more than
#00 GBP units per day."

b, "Vitamin D preparations containing over 400 USP units per day" would
ba s0ld only on prescriptiom,

c. Any drug containing dossaz of mors than 400 USP unita/day and seld
over the counter would be classad as "misbranded.”

d. Praparations supplying less than 400 units/day would be "misbranded,”
bacause the layman ie "not qualified to diagonoss or treat" B
deficiancies.

2, In 19646 the US Department of HEW (5876) fasued a publication explaining
Grade A milk to the public, and affirming that milk described aa "vitamin D
millk" contained 400 IU/qe, or about 100 IU/glass.

3, In 1968 tha 1965 FDA proposal was withdrawn (0172) because of lomg-drmwm—
out comtyroveray over ic.

4, In 1971 the FDA announced (0188) that capsules containing 50,000 units
of Dz would be regarded as "nev drugs" suhject to NDA (new drug applicatioms for
approval) or revisad epplications if already approved. They added that nz lacked
"substantiel evidence of effectiveness for use in lupus vulgaris." Such high
doass of Dz must be labeled "Cautiem: Federal law prohibits diepensing witheout
preveription” and, under "Indicatioms", "For use in the tresatment of
hypoparathyroidism and refractory rickets.”

5. In December 1972 the FDA acted to linit the potency of over—the-counter
preparations A and D (1846}, the Commissionar commenting:

"Vitamine A and D are known to be toxic; and they are heavily promoted

in high doses to the conmmer; and we continue to accumulate svidence

of adverse effects from excessive intake. The FDA has concluded,

therefore, that consumer safety requires the action we are taking.”
Daily limits of 400 units (upper and lower) were propesed for D, and the proposal
notad that meny preparations on the market contained less, and some 60 times the
Kbd," and that naither A nor D was proven effactive for conditions such as acne,
night-blindness, and arthritis in well-nourished people. Sixty days were allowed
for comment.

6. In July 1973 the FDA apnouncad that "International Unite" would replace
tha term "U.8.F, Units" to dascribe the potency of D, giving Septamber 1, 1974,
a8 the last date for comments on this propoazl (0196).
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7. In Maxeh, 1973, tha YDA fssasd regulations for nutrient labeling, that
covarad additions of vitamin D, to take sffect onm Jenoary 1, 1574 (0198).

Major provisiona lncluded:

a. If a vitemin, minersal, or protein wvas added to = food, it was
covatad by the regulatioms, snd it was also coversd if nothing waa
added but the latel contained a specific claim of mutritional value.

b, additicnml rulex applisd if tha labaled feed providad 50X or more
of the ED4 of any regulated nutrient.

c. The U.5. ¥DA for vitamin D was Teconfirmed as 400 TU/day.

d. If a food comtainad 10X or mora of rha U.E. RDA it could ba lahaled
as & "gignificant svurce” of the vitsmin. A food could ba claimed am
"superinor™ te another food If the superiority smounted to 10X or more
of the U.5. BDA for the relevant nuteiemt.

a. Added mutrients were designated as Class I, nutrients paturally preasat
wara designeted as Class II. Foods wars "misbranded" if thelr contents
of Class I putyismts wers lesa than all of those cluimed on the label,
or lass than 50X in the case of Claas II mutrients.

Thesa ragulations represented actiom on & proposal published on Jmmuary 19,
1973, aaking for comments. The Commiusivner of Poode and Drugs reviewsd (0198)
the comments and his conclusions at length (wee original document), One of his
conclusions was that a product with outrient{s) added so that the product supplisd
S0Z or more of the U.S. KB4 "is properly regarded as a dietary supplement rather
than a food,"” vhich did net apply to foods naturally containing more than 50% of
the U,3. RDA end eold without sdditions. These measurements were per merving,
as defined in the vegulations.

8. In August, 1973, the FDA further definsd the above labeling requiremsnte,
with permission to alter labels accordingly from Angust 2, 1973, and with
enforcement after December 31, 1974 (to iaclude 2uy further rules fasued during
1974) (0197). Thees definitiomm established standards of identity for “food for
spacial distary uees”, including vitsmin D supplamants.

¢. The following U.S. RDA were defined (Table 100).

b. The U.S8. RDA are in fact derived from tha RDA reacommanded Ly the HAS
KRC, with which they are identical. Hut the term "D.S. RDA" is
distinct, sad applies only to those RDA that have besn affirmed by
the PDA in lagislative action.

¢. Basically, all praparations containing D are "foods". However, if a
single searving or other dose-unit (a.g., vitamin pill) containa 50% or
more of the U.5, RDA, it must be celled a "dietary swopplement”. This
regulation alwo applies to products containing less T than 50T of the
U.8, RDA 1f claina are made that thay can be used to supplement tha
daily diat with essential nutrient(s}. It slso applies to products
that are single vitamina or minarals.
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Table 100, .5, RDA for Vitamin b, Calcium, and Phosphorus (2197)

Children under Adults and Pregnant or
4 wyearnm Children of 4 Lactating Women
years and over
Limits Limita Limies
lower upper lower upnar lower unpey
Vitamin D{IV):
mandatory 200 &M 400 4no 00
optiocnal 200 400 400
Calefwn (mg):
mandstory 125 8O0 1200 125 1000 1500 125 1t30n 2000
Phosphorus (me):
mandatory 125 800 1200 125 10040 1500
optional® 125 13nn 2000
*ust be no greater than the amocunt of calcium,

Mandatory means that it muat be included in multivitamin preparations.
Optional means that it need not be included.

d.

If a preparation is intendad for use by spacial consuner groups:
"Infants
Children under 4 yeara of ame
Adults and children 4 or more vaars of age
Pregnant or lactating women'

the label shall may sc, and, if more than one group is mentiomed, fit
shall spacify the daily amounts recommended for each group peparately.

The final, total smount of D uwresent In fooda to which D has besn added,
and not just the amount added, {s the gubiect of these reoulations.
There 48 an exemption for foods in which the natursl! content of n,
present bafore proceasine, has been no more than "restorad", provided
thar che restoration ifa complete. There 1s also an exemption, in

part for foods naturally containing more than 50% of the 1.5, BhA

per sarving ar dose-unit, provided they are deacriberd as “dietary
supplements’,

Other labeling requiremente inclwle expiratinom dates, and bath content
and tyrography of the labal. See arfginal Rerulation.

Lf, in the case of D, a single serving or doss-unit contains more than
1007 of the U.8 RDA, it is clasaed ag a prescripntion-anly drug. There
is one axenption from thia. TFoods repressnted for yae "aolely undar
medical supervision to meet nutritional requirements of personx with
poor vitamin I absorption’ may contain up to 1000 W/dosage unit or
recommended daily intake, Such Foods may ba bouphe freely without
preactription,
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h. The regulatims do not orherwise rastrist over-tha-counter sales of
0. Hor do the Regulations mentrisn the GRAE Liat,

Canada

Tha regulations are given in official sources (0202) and some key points

are noted {n a transmictal letter from the Canadian Department of Health and
Welfare (4084).

(1)

(2}

{3}

{4)

{3}

(£)

(7)

(8)

Vitamin T, Dz. or N, may be added only to margarine and other butcer
subatituten, to prefared infant formulas, or to four catepories of milk
and ={lk producta.

The amounts that may be added are specified by veference to a tahle of
fleasonable Naily Intakes (EDI),

Foods without added vitamin I may he advertized as "excellent' gources
of it if the RDY would contribute ) IU/day or more.

A food with added vitamin I may not be offered for male if its ROT would
contribute less than 300 or more than 400 I0/day: separate regulationa
are made far adults and for children under twwo. Any food with added
vitamin D must be labaled with the amount added, as TI1/100 g gr 100 ml,

Any dose~form that would coatribute more than 40G IU/day is classed
as a drug. 1If it contributes no more than 1000 IN/day it can be aold
to the public but must not be advertized, and the containar must be
labeled for therapeutic use only., If it contributes more than 1000
In/day it muat he prescribed. If it contains lams than 200 IU/day it
cannot be gzold as a drup.

These rules apply alsc to combination druges contatning vitamin D as
one camponent: for children under aix the recommended datly dpsa muse
cupply ~t least 200 I, and laheling and advertizing raquirements are
ginilar to thoge governing vitamin D addit{ons to foods.

"Drur" dosea of vitamin N can be sold (without prescription) only to

drug manufacturers, wholesale drupgists, registered medical practitioners
ot pharwacists, bospitals, or Government Departments. Special lahbeling
is required, The manner in which vitamin D may be sold am s praseription
drug is alsc regulatad.

An advertigement or a label may claim or imply that the presence of a
lawful amount of vitanin D is a factor in the normal develonmant and
maintenance of hones, teeth, and good health, empecially in infeney and
childheod. Apart from specifying the amounts added, no other claim of
any gort may be made or implied for vitamin D,

United Xingdom

The
(1}

regulations have been much amended and are currently being revimed (1732).

Vitanin D is defined am the "anti-rachitic vitaminas" (£165) including T,
N, {ergoecalcifercl), and D, (cholecalcifersl) and ia currently messured

terme of IU or micrngrniu of cholecalcifarol; aftar Decenbear 31, 1574,
IV will no longer be used (019%0).
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(2} When vitamin D i{s added to foods the minimum smounts added must be shown
on the label: waximun penalties are 3 momtha in prison amdfor a 5240
fiue plum $12,50 (spprowimately) for each further day of noncompliancs
{0183).

(3) Tha only foods fortified by law seam to bs National Dried Milk (supplied
from Govermment clinics and amounting to about D.25% of milk products
consumed) and margarine which sccounts for 35-40% of UK vitamin D intakes
{1732). A1l margarine mold must contain between 80 and 180 IU vitamin
hfounce {0163).

{4) Baby foods, and condensed and other milks, and "many other items" but
not flour or bread, are stated to be fortified electivaly with vitanin
D {1732). Milks account for 9-10% of UK intakes of viramin D (1732).

(5) Fiah 18 3 eource of natural vitamin D, acceunting for 18-20%7 of WK
intakes (1732).

{8) If a "medicinal product food' is not labelad with domage directions,
or 1f an adult dosage i3 recommended that includes mers than 250 ‘'Nnita
af antirachitic activiry" pev day, the product can be sold only under
the provisions of a licensing system (0185).

(7) In 1973, it was recovmended that medicinal products containing over
10 micrograns of cholecaliferol {400 IU) should not be "on general
sale”, and these om sale should carry a warning that only half~dosss
should he given to thildren receiving drisd milk (0199).

Netherlands
The followlng information was supplied on February 21, 1974, by the Royal

Netherlands “overnment in reaponse to an inquiry (4450}) 1

MIn the Wetherlands the additiom of vitamins to foods is

in general forbidden. In special cases, where the need for
and usefulness of supplementation have been cleariy proven,
the Minister of Health will designate suitable vehicles for
ohiigatory supplementation (Food Law, General Decree,

Att, 10 his).

in view of esating habits and climatic conditions in the
Netherlands the need for extra vitamin D has been accepted
as proven,

As a vehicle for supplementation "margarin” {an edible
water in oil emulsion with 80% fat} has been designated

and 3 I,U. of vitamin D3 have to be present per gram of
margarin (Food Law, Margarin Decree, Art. 2, Par. 2)..

In addition "Infant formula" shall contain & minimum of

60 I,U. and a maximum of 120 I.l, of vitamin D per 100 kcal.
Apart from these twe exceptions {“margarin” and Tinfant
formula") no additions of vitamin D in foods for sale in
the Netherlands are permitted.,"”
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